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Grant/Cooperative Agreement Number G11AP20081 from the United States 
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views and conclusions presented at the symposium are solely the 
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necessarily represent the official views of the USGS or of the symposium 
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NANOCOMPOSITE MEMBRANES FOR WATER PURIFICATION 
	
Sebastián Hernández*, Minghui Gui, Doug Davenport, 
Lindell Ormsbee, and Dibakar Bhattacharyya 
*Department of Chemical and Materials Engineering 
University of Kentucky, Lexington, KY 40506 
sebastian.hernandez@uky.edu 
 
	
Water pollution is a serious concern in all asp ects of society.  Pollutants have two m ain 
origins: organic com pounds and heavy m etals.  These contam inants have high interest 
because of their persistence in nature and di fficulties related with their treatment and/or 
elimination.  In th is field, membrane-based separation processes have been widely used 
in water detoxification, water purification and waste water treatment. 
 
Stimuli-responsive polymers have been used  extensively due to  their unique and 
excellent physical and chem ical responses to changes in physiological conditions and 
they have been applied in different areas: such as, drug delivery, bioseparation or tissue  
engineering.  Combining these polymers with different membranes results in responsive 
membranes for regulated perm eation of pH, te mperature or light, etc. Development of 
nano-structured material synthesis usi ng responsive m embranes that contain ion 
exchange groups is a prom ising research fi eld with potential applications in w ater 
pollution, energy, catalysis and mining.  
 
In our work, different Hydrophylized Pol yvinylidene Fluoride (PVDF) m embranes (flat 
sheet, spongy sheet and hollow fiber) were used as support due to their chem ical 
resistance properties an d good therm al stability. Immobilized m etallic nanoparticles in  
the PVDF-responsive polymer membrane were used for water detoxification of chloro-
organics (Trichloroethylene and Polychlorinated biphenyls) and metal capture (Selenium 
and Arsenic).  In addition, we also extende d our work in the characterization of the 
nanostructured material and its responsive behavior on solute permeability. 
 
This research is supported by the NI EHS-SRP grant P42ES007380 and by NSF EPSCoR 
grant. Hollow fiber Mem branes were synthesized at the Singapore Mem brane 
Technology Center, NTU (Singapore, Singapore). Flat sheet and spongy membranes used 
are from EMD Millip ore (Billerica MA, USA), Ultura (Oceans ide CA, USA)  and 
synthesized in our lab. 
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NANOFILTRATION MEMBRANES FOR WATER REUSE AND TOXIC 
INORGANICS REMOVAL FROM COAL-FIRED POWER PLANT WATER 
 
Andrew S. Colburn1, Noah Meeks2, Minghui Gui1, Alex Whitehead1,  
and Dibakar Bhattacharyya1 
 
1 Department of Chemical and Materials Engineering 
University of Kentucky, Lexington, KY 40506 USA 
andrew.colburn@uky.edu 
 
2 Southern Co., Birmingham, AL 35291 USA 
 
Nanofiltration (NF) membranes have been shown to be highly ef fective for the selective 
separation of ions from processed water in a variety of industries. The concentrations of 
dissolved solids and toxic metal ions are particu larly a concern in the o peration of wet 
flue gas desulfurization systems in coal-fired power plants. NF membranes can be used to 
remove high dissolved solids concentrations from scrubber water, achieving high w ater 
recovery for reuse in the pro cess. Actual scrubber water, provided from Georgia Power’s 
Plant Bowen (~10,000 ppm  TDS, ~1 ppm  Se) was recovered using spiral wound 
membrane module (0.59 m2 membrane area) configurations of NF membranes developed 
in collaboration with Sepro Mem branes. The selective rejection of divalent o ver 
monovalent ions in the NF m embranes was advantageous for recovering the scrubber 
water which consisted of primarily of Ca2+ and Mg2+ with counter-ions consisting of Cl - 
and SO4
2-. The membranes were shown to highly reject selenium (97.3%) and other toxic 
inorganics present (90.9% As; 96% Ni).  W ater recovery exceeding 80% was achieved 
while maintaining over 60% rejection of di ssolved solids. At higher water recovery, 
calcium sulfate precipitation was observed in the process, and aspects related to gypsum 
precipitation were studied. The use of actual scrubber water being recovered with large 
scale membrane modules best reflects real-life process conditions. The results prove that 
high water recovery and the rejection of toxi c inorganics can be achieved for Coal-Fired 
Power Plant water. 
 
ACKNOWLEDGEMENTS:  
 
We would like to acknowledge the Southern Company for their support and collaboration 
toward this water recov ery research, Sepro Membranes for collaboration in m embrane 
development and provision of the large sc ale membrane module, and the National 
Science Foundation EPSCoR and National Institu te of Environm ental and Health 
Sciences for their funding. 
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THERMAL ANALYSIS AND RAMAN STUDIES OF THE PHOTOCATALYTIC 
DEGRADATION OF ORGANIC POLLUTANTS 
 
Samuel T. White, Shashidhar Annarapu, Frankie K. R. Wallace and Matthew J. Nee 
Department of Chemistry, Western Kentucky University 
1906 College Heights Blvd, Bowling Green, KY 42101 
(270) 745-0114  
matthew.nee@wku.edu 
 
The presence of organ ic compounds such as pharmaceuticals, road and construction 
runoff, and far m waste has been detected in  drinking water with increasing frequency, 
and at increasing concentrations. P hotocatalytic degradation is an em erging technology 
which has gained traction in the rem oval of such harmful organic compounds in water. 
Although much is understood about the overall rates of conversion of toxic com pounds, 
the chemical mechanisms underlying their de gradation are not adequately understood. 
We have studied the chem ical and physi cal processes involved in photocatalytic 
degradation processes using a variety of di fferent approaches, and on m any different 
classes of com pounds, in an effort to disc ern general trends to help explain the 
mechanisms underlying this important technology.  
We use Ram an spectroscopy to provide fast er kinetics to unravel the details o f 
photocatalytic reactions with the instrument shown in Figure 1. Here,  a flowing reactor 
allows us to m onitor the Ra man spectra of many different co mpounds simultaneously, 
Figure 1. Experimental setup, showing UV lamp source (L)  emitting into the center
of the reactor (RX), w ith reaction mixtures pumped (P) to a cuvette (C) in a
darkened enclosure for Raman analysis by an appropriate spectrometer (RS).  
 6 
 
which has already led to the identification of the most important reactive pathways for the 
degradation of the x-ray contras t agents diatrizoate and iohexol. Recent improvements to 
our process include the introduction of su rface-enhanced Raman spectroscopy (SERS) 
and the development of a pulsed-laser Ram an spectrometer capable of collecting twenty 
spectra per second. Our SERS experim ents allow us to identify com pounds at the 
micromolar concentration leve l by adhering analytes to go ld nanoparticles in solution. 
Quantitative results can  be accom plished with a co-adhered intern al standard. T hese 
advances will lead to mechanis tic details necessary to guide the de velopment of future 
technologies that will optim ize the use of  photocatalytic degradation for m unicipal 
districts or for widespread pollution remediation efforts.  
In parallel with our Ram an experiments, we have performed thermogravimetric analysis 
(TGA) and differential scanning calorim etry (DSC) experiments which investigate the 
binding of various analytes ( polycyclic aromatic hydrocarbons, pesticides, x-ray contrast 
media, and antibacterial agents) to the photocatalyst T iO2. Mass loss of some analytes is 
detected at different temper atures for the pure com pound than when in the presence of 
TiO2, indicating that certain analytes bind more strongly to the photocatalyst than others. 
Since binding is a pre-requisite  for direct oxidation by elec tron holes, we are  able to  
conclude that compounds which are not func tionalized with heteroatom groups (i.e., do 
not contain atom s other than carbon and hy drogen) are unlikely to undergo direct 
oxidation by holes. Trends also appear in the DSC results that indicate that the binding in 
some cases m ay be due  to rearrangem ent of the photocatalyst structure. Although this 
does not occur to a substantial enough extent th at it can be detected with crystallographic 
analysis, it does suggest that the nature of the analyte-photocatalyst interaction warrants 
further study. Faster (real-time) Raman experiments coupled with quantum computational 
chemistry and m olecular dynamics simulations will continue to enhance our 
understanding of the m olecular processes th at undergo this im portant new technology. 
These studies m ay prove particularly im portant in the developm ent of next generation 
photocatalysts as such approaches come into more widespread usage. 
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WATER QUALITY MONITORING OF MCCONNELL SPRINGS’ 
SURFACE WATERS, 2011 THROUGH 2014 
 
David J. Price, Ph.D. 
Lexington-Fayette County Government, Division of Water Quality 
301 Lisle Industrial Avenue, Lexington, KY 40511 
(859) 425-2415    
dprice@lexingtonky.gov 
 
Since the com pletion in 2009 of the Mc Connell Springs Storm water Quality 
Wetland Pond by the Lexington-F ayette Urban County Governm ent (LFUCG), the 
system has been m onitored by the LFUCG Di vision of Water Quality to determ ine the 
effectiveness of pollutant reduction. While on site, additional surface water quality 
monitoring was performed on McConnell Springs itself. McConnell Springs is located in 
northwest Lexington, K Y. The spring system  consists of the Blue Hole, where water 
emerges from an underground channel and flow s for approximately 38 m (125 ft.) then 
disappears underground; the Boils, where water emerges again as an artesian spring and 
flows for approxim ately 152 m  (500 ft.); an d the Final Sink, the point where water 
disappears underground again. The water reappears at Preston's Cave and flows into Wolf 
Run Creek, which empties into the Town Branch of Elkhorn Creek. W ater quality 
monitoring included the Blue Hole, water at a sm all cave opening, the Boils, and the 
Final Sink. A total of 20 sam pling events were conducted by the LFUCG Division of 
Water Quality at McC onnell Springs in 2011-2014. On-site m easurements included: 
temperature, pH, ORP, disso lved oxygen (DO), conductivity, and total dissolved solids 
(TDS). Additional analysis included: alkalinity, hardness, carbonaceous biological 
oxygen demand (CBOD5), total suspended solids (TSS), total ammonia, nitrate, nitrite, 
total phosphorus, orthop hosphates, and bact erial enumeration (fecal colifor ms, E. coli, 
and total coliforms). Metals in water samples from McConnell Springs were analyzed in 
2013 and 2014. Metal analyses included: Ag, Al , As, Cd, Cr, Cu, Fe, Pb, Mg, Mn, Ni, P, 
K, S, and Zn. LFUCG Division of Water Quality’s results are being compared to results 
from the Division of Water’s (DOW) groundwater network program obtained from DOW 
and from the Kentucky Geological Surv ey (KGS), Ke ntucky Groundwater Data 
Repository. 
 
Overall, pH values at McConnell Springs remained consistent from 2011 to 2014. 
DO concentrations remained low, with the Blue Hole having the lowest DO and the Final 
Sink with the highest DO. Average DO c oncentrations were 4.49, 4.62, 3.90, and 4.81 
mg/L for 2011-2014, respectively. Conductivity was fairly constant, although an increase 
was observed in 2013. TDS, total alkalinity, and total hardness remained constant during 
the monitoring period. TSS levels were fairly low throughout McConnell Springs, and the 
concentrations were sim ilar in 2013-2014. However, higher  TSS concentrations were 
observed in October 2012. Overall ammonia levels were low in 2011-2013, but increases 
were observed during the February and June 2014 collections. Average nitrate 
concentrations were highest in 2011 (6.45 mg/L), but decreased in 2012-2014 (2.63, 2.51, 
2.58 mg/L). Average nitrite c oncentrations ranged from  0.019 mg/L (2013) to 0.031 
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mg/L (2011). Both total phosphorous and orthophosphate concentrations slightly 
decreased over time. Of the 15 metals tested in 2013 and 2014, Ag, Cd, Pb, and Zn were 
not detected at any of the sites on McConnell Springs. In 2014, low levels of As and Cu 
were detected at all sam pling sites. Nickel was detected at a ll sites, with concentrations  
ranging from 2.0-3.0 µg/L. Additional metal testing will be continued in 2015. 
 
Fecal coliforms and E. coli were detected in McC onnell Springs during the 
monitoring period. In 2011, Dr. Ga il Brion (UK-ERTL) reported contamination by fecal 
material in McConnell Springs. Dr. Brion pr oposed that the cold  underground flow may 
retard fecal aging and the cold, dark condi tions repressed indige nous bacterial growth 
while enhancing introduced coliforms, thus indicating that the source is not local and may 
be some distance from the collection site . Fecal coliform geometric means for 2011 to 
2014 were 492, 406, 1035, and 277 MPN/100 m L, respectively. W hereas, geometric 
means for E. coli were 317, 375, 756, and 761 MPN/100 m L. Bacterial enum erations 
tended to be elev ated in June and October. Similar trends were observed in Dr. Brion’s 
2010 data.  
 
Most of the water quality results observed  were consistent w ith levels found in 
artesian springs. Fecal contamination has been a historic problem at McConnell Springs. 
Of interest was the incr ease in E. coli counts in 2014 and this will be followed closely.  
Additional source tracking is required to reduce bacterial counts and pinpoint the cause of 
the seasonal fluctuations. LFUCG will con tinue to m onitor water qu ality regularly. In 
particular, close monitoring of ammonia, ni trates, total phosphorous and bacterial counts 
which can have detrim ental impacts to McConnell Springs and the receiving waters of 
Wolf Run Creek and Elkhorn Creek will be continued. 
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INITIAL FINDINGS FROM THE KARST WATER INSTRUMENTATION SYSTEM 
STATION, ROYAL SPRING GROUNDWATER BASIN, KENTUCKY HORSE PARK 
2010-2014 
 
James C. Currensa, Charles J. Taylora, Stephen Webba, and Junfeng Zhua, 
Stephen Workmanb, Carmen Agrourdisb, Jimmy Foxc, Admin Husicc 
aKentucky Geological Survey, University of Kentucky, currens@uky.edu 
bDept. of Biosystems and Agricultural Engineering, University of Kentucky 
cDepartment of Civil Engineering, University of Kentucky 
 
 
Royal Spring in Georgetown has the largest base flow discharge of any spring in the 
Inner Bluegrass (0.25 m3/sec). The 15,000 acre (6,070 ha) Royal Spring karst 
groundwater basin (springshed) underlies much of the Cane Run surface watershed in 
Scott and Fayette counties. Karst conduits have pirated most of the surface runoff 
originating in the upper two thirds of the Cane Run watershed. Discharge from the 
watershed is diverted underground to the conduit for Royal Spring under all but high flow 
conditions. Because of the inaccessibility of the water-filled conduit, accurate 
measurements of subsurface groundwater discharge—needed for contaminant flux 
calculations—have been previously impossible to obtain. 
 
To address this problem, the Kentucky Geological Survey, working with 
collaborators from the UK Colleges of Agriculture and Engineering, established the Karst 
Water Instrumentation System (KWIS) Station. Twenty-five monitoring wells were 
drilled at selected locations, four of which intersect, or are in hydraulic communication 
with, the Royal Spring conduit. Down-hole video, quantitative dye-tracer tests, and 
Doppler sonar and direct point-velocity measurements have been applied to attempt to 
quantify conduit dimensions and calculate an estimate of discharge. Each method of 
measurement is subject to certain experimental and technical limitations or biases. 
Doppler sonar data, interpreted with the help of David Mueller, U.S. Geological Survey, 
indicate that the conduit cross-sectional area is somewhat smaller (2.7 m2) than previously 
estimated using quantitative tracing (3.45 m2) and two other methods. The average cross-
sectional area using measurements from all four methods is 3.97 m2. At present, discharge 
in the conduit is being estimated using a stage-rating curve developed from water-level 
measurements and quantitative tracer tests results.  
      
Groundwater quality data being collected as part of the KWIS station monitoring 
include in-situ parameters such as specific conductivity, temperature, pH, and turbidity. 
Periodic water samples are collected with a submersible pump or by bailer for analysis of 
total dissolved and suspended solids, nitrate, and recoverable phosphate. Chemographs of 
water-quality parameters are being used to characterize seasonal and event-related 
hydrochemical fluctuations and aid in interpretation the discharge hydrographs. Using 
groundwater-quality sampling data and discharge calculations from the stage-discharge 
relation, estimates of the annual mass flux of nutrients and suspended and dissolved 
solids passing the KWIS station have been made for the 2011- 2012, 2012-13 and 2013-
10 
 
14 water years (Table 1). A second set of samples were collected from the surface water 
monitoring station on Cane Run Creek near the KWIS station site but the analysis of 
these data has not been finalized. The concentrations of three of the four quality 
constituents in synchronous samples are weakly correlated, except for nitrate which is 
slightly correlated (R2 = 0.45).  The mean fecal coliform bacteria count was 2,747 
col/100mL at the KWIS site and 4,524 col/100mL at the Cane Run gaging station, over 
the period from 2011 to 2014. These data suggest that there is a partitioning of the 
contaminants being transported on the surface and underground.  
 
 
 
 
 
 
 
 
 
 
 
Table 1. Total annual mass loads of groundwater-quality constituents sampled at the KYHP site during 
2011-2014, reported in metric tons.  
Water Year Number of Samples 
Nitrate 
as NO3 
Nitrate 
as N 
Total 
Dissolved 
Solids 
Total  
Recoverable  
PO4 
Total Suspended 
Solids 
   2011-12 80 179 40 4,083 3.9 156.2 
   2012-13 134 289 66 5,225 7.3 415.8 
   2013-14 184 238 45 4,651 5.7 299.2 
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CALIBRATION METHOD TO ESTIMATE SUSPENDED-SEDIMENT 
CONCENTRATION FROM ACOUSTIC BACKSCATTER IN A CROSS SECTION 
 
Justin A. Boldt 
USGS Kentucky Water Science Center 
9818 Bluegrass Parkway 
Louisville, KY 40299 
502-493-1931 
jboldt@usgs.gov 
 
 
Sediment is a major cause of stream impairment, and improved sediment monitoring is a 
crucial need. Point samples of suspended-sediment concentration (SSC) are often not 
enough to provide an understanding to answer critical questions in a changing 
environment. As technology has improved, there now exists the opportunity to obtain 
discrete measurements of SSC and flux while providing a spatial scale unmatched by any 
other device. 
 
Acoustic instruments are ubiquitous in the U.S. Geological Survey (USGS) for making 
streamflow measurements but when calibrated with physical sediment samples, they may 
be used for sediment measurements as well. The acoustic backscatter measured by an 
acoustic Doppler current profiler (ADCP) has long been known to correlate well with 
suspended sediment, but until recently, it has mainly been qualitative in nature. This new 
method using acoustic surrogates has great potential to leverage the routine data 
collection to provide calibrated, quantitative measures of SSC which hold promise to be 
more accurate, complete, and cost efficient than other methods. 
 
This research presents a m ethod for the measurement of high spatial and temporal 
resolution SSC using a down-looking, mobile ADCP from discrete cross-sections. The 
high-resolution scales of sediment data are a primary advantage and a vast improvement 
over other discrete methods for measuring SSC. Although acoustic surrogate technology 
using continuous, fixed-deployment ADCPs (side-looking) is proven, the same methods 
cannot be used with down-looking ADCPs due to the fact that the SSC and particle-size 
distribution variation in the vertical profile violates theory and complicates assumptions. 
 
Preliminary analyses indicate a good calibration between acoustic backscatter and SSC 
that is repeatable at different sites in a range of fluvial environments. This calibration 
method can improve ongoing efforts to monitor and predict resource responses to a 
changing environment. Because ADCPs are used routinely for streamflow measurements, 
using acoustic backscatter from ADCPs as a surrogate for SSC has the potential to 
revolutionize sediment measurements by providing rapid measurements of sediment flux 
and distribution at spatial and temporal scales that are far beyond the capabilities of 
traditional physical samplers. 
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VAPOR FLUX SAMPLING TECHNIQUES  
FOR CHARACTERIZING VAPOR INTRUSION 
 
Evan Willett, Mohammadyousef Roghani, Elham Shirazi, and Kelly G. Pennell 
University of Kentucky, Department of Civil Engineering 
kellypennell@uky.edu 
 
 
Due to concerns about adverse human health effects, the transport of volatile organic 
chemical (VOC) vapors from hazardous waste sites into indoor air spaces (i.e. vapor 
intrusion) has gained regulatory attention. VOC vapor transport through soil is 
complicated by various factors such as soil porosity and permeability, wind, and rainfall; 
therefore, characterizing vapor intrusion at a p articular building can be challenging. 
Laboratory analytical methods capable of measuring VOCs in indoor air and soil vapor 
have been developed; however, field study results do not  support the current vapor 
intrusion conceptual understanding.  
 
Sorbent-based mass flux measurement devices have been used to evaluate hazardous 
waste contamination in groundwater and soil vapor with some success. For groundwater 
contamination, flux measurement devices are considered a superior technique (as 
compared to chemical concentrations) for assessing risks associated with groundwater 
contamination. However regulatory reliance on concentration-based clean-up standards 
limits the wide-spread use of flux meters for groundwater. The emergence of the more 
recent concern, vapor intrusion, provides a new opportunity to consider the advantages of 
flux measurements. As part of this research, we evaluated vapor flux measurement 
techniques. We incorporated direct vapor measurement techniques, as well as passive 
sampling techniques that incorporate permeable sorbent media onto which vapor-phase 
VOC contaminant mass is passively sorbed.  
The research presented will address questions about the current vapor intrusion 
conceptual model and the shortage of pertinent laboratory data. Laboratory soil column 
experiments were performed and the results have been compared to a computational 
model that uses a commercially available software package, COMSOL Multiphysics. We 
consider the laboratory data and the model results in tandem to examine fundamental fate 
and transport processes governing vapor intrusion (diffusion coefficients, permeability, 
etc.). The findings of this research provide insight about new methods for characterizing 
vapor intrusion, and also provide a better conceptual understanding of the vapor intrusion 
process so that remediation efforts can be better coordinated. 
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HATCHERY CREEK STREAM RESTORATION PROJECT - A UNIQUE 
OPPORTUNITY TO MAXIMIZE TROUT HABITAT, CREATE RECREATIONAL 
OPPORTUNITIES AND PROVIDE MITITGATION CREDITS 
 
Oakes Routt, P.E. 
Stantec Consulting Services Inc 
10509 Timberwood Circle, Suite 100 
Louisville, KY 40223 
Oakes.Routt@stantec.com 
 
Co-authors: George Athanasakes, P.E. (Stantec), Andy Mowery (KY Dept. of Fish & 
Wildlife Resources), Eric Dawalt, P.E. (Ridgewater), and Jim Hanssen (EcoGro) 
 
The Hatchery Creek Stream Restoration project is a unique opportunity to utilize the 
latest stream restoration techniques to maximize trout habitat, create recreational 
opportunities for the citizens of Kentucky, and provide mitigation credits.  The project is 
located immediately downstream of the Wolf Creek Dam US Fish & Wildlife National 
Trout Hatchery near Lake Cumberland in Jamestown, Kentucky.  The project will extend 
an existing 400 foot long channel, which is the outflow from the trout hatchery to create 
approximately 6,000 feet of trout stream habitat.  In an effort to maximize habitat and 
recreational opportunities, the project is being designed to provide a variety of habitat for 
all life stages of trout and will include a variety of stream types including A, B, C and DA 
channels.  T his project has several unique aspects, which are not typical to natural 
channel design projects in the southeast, including a constant flow of approximately 35 
cfs, which is approximately 70% of the upstream bankfull flow, limited sediment supply, 
and the need to maintain imported spawning gravels.   
 
This talk will focus on the design of this project under a design/build project format.  In 
particular the development of the habitat features will be discussed in detail including the 
stream type and habitat type selection process and how the different stream types and 
habitat features relate to the various trout life stages.  In order to maximize the habitat 
and recreational features the design team included aquatic biologists as well as avid 
fishermen.  In addition, input from key project stakeholders was sought throughout the 
design process including a two-day QAQC meeting.   
 
About the Speaker: Oakes Routt, P.E. is a Stream Restoration Construction Manager 
with Stantec who has been working on stream restoration projects the last 7 years across 
the United States.  He has a b road range of experience in Ecological Restoration 
including the use of natural channel design, stream assessment and restoration, and 
watershed assessment.  Mr. Routt holds Bachelors and Masters of Engineering degrees 
from the University of Kentucky. 
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HATCHERY CREEK STREAM RESTORATION PROJECT – CONSTRUCTION OF 
A TROUT STREAM IN KENTUCKY 
 
Eric Dawalt, P.E. 
Ridgewater, LLC 
908 Woodglen Court 
Lexington, Kentucky 40515 
edawaltrw@gmail.com 
 
Co-authors: George Athanasakes, P.E. and Oakes Routt, P.E. (Stantec), Andy Mowery 
(KY Dept. of Fish & Wildlife Resources), and Jim Hanssen (EcoGro) 
 
The Hatchery Creek Stream Restoration project is a unique opportunity to utilize the 
latest stream restoration techniques to maximize trout habitat, create recreational 
opportunities for the citizens of Kentucky, and provide mitigation credits.  The project is 
located immediately downstream of the Wolf Creek Dam US Fish & Wildlife National 
Trout Hatchery near Lake Cumberland in Jamestown, Kentucky.  The project will extend 
an existing 400 foot long channel, which is the outflow from the trout hatchery to create 
approximately 6,000 feet of trout stream habitat.   
 
This presentation will focus on t he implementation/construction of the project under a 
design/build project format.  We will discuss coordination with numerous stakeholders 
including multiple state and federal agencies.  We will cover the construction methods 
utilized to create a sustainable trout stream where such a stream did not previously exist. 
 
About the Speaker:  Eric Dawalt, P.E. serves as the Project Manager for the 
EcoGro/Ridgewater Team, which designs/builds projects to solve stream and stormwater 
problems.  He is a Professional Engineer with over 16 years of experience in the design, 
construction, monitoring, and research of stream and wetlands restoration projects.  He 
worked and trained under Mr. David Rosgen, one of the leading experts in the field of 
stream restoration.  He has collaborated as a research engineer on several projects with 
the University of Kentucky Department of Biosystems and Agricultural Engineering and 
the University of Louisville Department of Civil Engineering.  Eric holds Bachelor’s of 
Science and Master’s of Engineering Degrees from the University of Kentucky.   
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IMPLEMENTING SITE-SPECIFIC FLOW COMPETENCE  
MONITORING TO INFORM STREAM RESTORATION DESIGN 
 
Kurt Cooper and Bob Hawley 
Sustainable Streams, LLC  
1948 Deer Park Avenue, Louisville, KY 40205;   502.718.2912 
kurt.cooper@sustainablestreams.com, bob.hawley@sustainablestreams.com 
 
Using a few transport samples to calibrate your transport estimate is the single most 
effective thing you can do to increase accuracy – Wilcock et al., 2009 
 
One commonly used parameter for stream restoration designs is flow competence, 
defined as the maximum particle size (Dmax) entrained at a given discharge. Three design 
variables associated with determining a channel’s competence can be difficult to define 
for any particular setting: entrainment flow rate (Qe), maximum mobilized particle size 
(Dmax), and the dimensionless critical shear stress (τ*c). The goal of this presentation is to 
convey the methods and benefits of calibrating these variables to the design reach(es). 
Prior to the design of two recent projects in Kentucky, we performed monitoring across a 
range of flows, with the goal of calibrating site-specific flow competence variables. Each 
monitoring site consisted of a simply 
constructed sediment sampler buried in the 
thalweg of the stream and a granulated cork 
crest-stage gage modeled after Sroka (2003) 
(Figure 1). After rainfall events, field visits 
were made to read the maximum water surface 
elevation recorded by the crest-stage gage, 
measure the maximum particle caught by the 
sediment sampler, and make observations 
regarding relative sediment mobility. 
We found that the streams on both projects had highly mobile gravel beds, with the full 
range of bed material grain sizes mobile at flows occurring more frequently than once per 
year, and an average τ*c that was near the low end of those suggested by Shields (~0.03), 
which were substantial departures from conventional industry standards (Qe = Q1, Dmax = 
D50, τ*c = 0.047). A design guided by these conventional standards would yield a channel 
that is much different from one guided by our monitoring efforts. Figure 2 shows the data 
from our Goose Creek monitoring site plotted against two commonly referenced flow 
competence data sets. The Goose Creek data plots below the Rosgen (2007) trendline and 
above the Leopold, Wolman and Miller (1964) trendline. This implies that a design 
which solely references the Rosgen data could potentially have too much capacity, 
Figure 1 – Example schematic of a typical 
sediment monitoring site 
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resulting in an increased risk of incision; and a d esign which solely references the 
Leopold, Wolman and Miller data could potentially be over-widened and lack adequate 
capacity to convey the sediment supply, resulting in aggradation. These results suggest 
that relatively inexpensive flow competence data collection has the potential to reduce the 
risk of sediment discontinuity relative to stream restoration designs lacking site-specific 
data, especially in mobile bed systems. 
 
          
Figure 2 - Flow competence datasets commonly referenced in stream restoration designs, along with 
the data from the Goose Creek monitoring site in Casey County, KY. Adapted from Rosgen (2007). 
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STREAMBANK STABILITY AND RIPARIAN HABITAT RELATIONSHIPS AND 
MAPPING TOOLS IN THE TRIPLETT CREEK WATERSHED 
 
Nicole Meade and Toney Phillips 
Mentors:  April Haight and Dr. Timothy Hare 
LC 101A, Center for Environmental Education/School of Public Affairs 
Morehead State University 
Morehead, KY  40313 
606.783.2455 
nlmeade@outlook.com and tnphillips@moreheadstate.edu 
 
The Triplett Creek watershed in Rowan County, Kentucky is an impaired waterway.  
Excess sedimentation from streambank erosion is a s ignificant contributor (Emrich, et. 
al., 2013).  Streambank restoration costs approach $150 per linear foot (Walker, 2012).  
For this reason, local governments need guidance to effectively allocate resources to 
reduce streambank erosion.  T his study used a Modified Bank Erosion Hazard Index 
(BEHI) (Meersman, 2008) and Habitat Assessment to calculate averages for 600 feet of 
streambank length along the wadeable tributaries of Triplett Creek, as well as 600 feet 
upstream and downstream on the main stem of Triplett Creek. This allowed for MBEHI 
and Habitat Assessment scores to be analyzed and correlated using statistical analysis and 
GIS (watershed size, impervious landuse), at 13 tributaries. Most sections of Triplett 
Creek and the tributaries have MBEHI categories from high to extreme. The Habitat 
Assessment averages were all rated poor. We found that the MBEHI were not necessarily 
associated with the worst Habitat Assessment. However, the MBEHI scores of the 
tributaries tend to be higher than those of Triplett Creek, with little difference between 
the upstream and downstream sections of the main stem.  Statistical analysis of the data 
did not support surface protection and reducing bank height as methods to reduce 
sedimentation.  The watershed size and impervious surface area were also compared to 
MBEHI ratings.  T he results, though not conclusive, suggest that restoration dollars 
might be best spent near the mouth of a tributary. This does not mean that opportunities 
outside of the mouth of tributaries are not beneficial.    
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STAKEHOLDER ENGAGEMENT  
AS A TOOL FOR BETTER ENVIRONMENTAL DECISIONS 
Anna Hoover1 and Lindell Ormsbee2  
1Deputy Director, National Coordinating Center Pubic Health Services and Systems 
Research, College of Public Health, University of Kentucky, Lexington KY 40536, 
Anna.Hoover@uky.edu 
2Director, Kentucky Water Resources Research Institute, University of Kentucky, 233 
Mining & Minerals Resource Building, Lexington, KY 40506, ph: (859) 257-1299, 
lormsbee@engr.uky.edu 
The management of environmental systems can be challenging, especially in cases 
involving public lands or in situations that impact public resources such as air and water.  
Attempts by decision makers or regulators to resolve the issues that arise from conflicting 
interests represented by diverse stakeholders frequently fall into three strategies of 
governance: 1) Judicial governance, 2) Republic governance, or 3) Democratic 
governance.  In judicial governance the regulators, empowered by existing statutes or 
laws, employ their agency to collect relevant information about an issue and then craft a 
"solution" to the perceived problem that they deem is consistent with the best interests of 
the citizens or consistent with those laws that have been enacted through prior citizen 
representation.  In republic governance, the decision makers or regulators may employ an 
advisory board or committee made up of key representatives of the perceived stakeholder 
community to help craft or at least validate a potential solution.  Finally, in democratic 
governance, the agency or decision makers employ a democratic process in which all of 
the citizens are given an equal vote or opportunity to provide input and review of 
potential solutions.  While the first model employs a unidirectional model of 
communication, the latter two models employ an increasingly bi-directional model of 
communication that provides the stakeholders with the opportunity to actually serve as 
partners in the decision making process. 
 
Historically, most agencies dealing with public environmental issues have relied on a 
judicial model for interacting with the public. Indeed, in many cases, the interaction with 
the public frequently occurs at the end of the decision making process where the agency 
presents the results to the community along with a public comment period as short as 30 
days.  W hile the requirement for public comment on a gency decisions was originally 
crafted as a means to insure the involvement of the public, ironically, in many cases, the 
policy is employed to actually minimize public involvement or at least minimize the 
perceived problems inherent in employing either a republic or democratic model. 
 
24 
 
Traditional attempts to acquire public input using a democratic model are frequently 
constrained by meeting formats that too often permit a few individuals to monopolize or 
co-opt sessions for their own purposes or agendas. Such experiences in public meetings 
subsequently drive community expectations for future meetings, frequently resulting in 
decreased attendance and a less representative participant base. Consequently, regulators 
or decision-makers can come to view public meetings as a regulatory obligation of high 
contentiousness and little utility that must be endured, while other stakeholders adopt a 
cynical perspective that assumes final decisions already have been pre-determined.  
 
To help address such challenges, researchers at the University of Kentucky have 
developed a multi-step, multi-directional democratic stakeholder engagement 
methodology that includes citizen stakeholders at the very beginning of the decision 
process. The methodology incorporates both qualitative and quantitative methods 
drawing on principles from Community-Based Participatory Communication (CBPC) and 
Structured Public Involvement (SPI). CBPC uses interviews, focus groups, and projective 
techniques to identify varied community groups and to discover the value systems, risk 
perceptions, and preferences among these groups. SPI employs anonymous Audience 
Response Systems (ARS) in large-scale public meetings to identify democratic solutions 
to complex issues while resisting co-optation of the process by a single interest group. 
 
This presentation describes and compares the application of the proposed methodology to 
a case study dealing with nutrient management decisions in the Floyds Fork watershed 
near Louisville Kentucky. Key insights derived from the application of the methodology, 
as well as recommendations for application of the methodology to other problems 
involving stakeholder input into public decisions, will be provided.  
 
25 
 
DIVERSE PARTICIPATION IN WATERSHED PLANNING AND GOVERNANCE: 
BUILDING SOCIAL-ECOLOGICAL RESILIENCE IN KENTUCKY WATERSHEDS 
 
Craig Anthony (Tony) Arnold, Principal Investigator 
Jennifer-Grace Ewa, Co-Principal Investigator 
Alexandra Chase, Co-Principal Investigator 
Center for Land Use and Environmental Responsibility 
426 W. Bloom St., Room 217 
University of Louisville 
Louisville, KY 40241 
Phone: 502-852-6388 
Email: tony.arnold@louisville.edu 
 
The effectiveness and perceived legitimacy of watershed governance depend on the long-
term and adaptive participation of multiple, diverse stakeholders. Watersheds are areas of 
land that drain to a common body of water. Watershed governance includes any decision 
making processes, whether by government agencies, community groups, or 
collaborations among many stakeholders, that develop or adopt plans, decisions, or 
actions to protect, manage, or restore the watershed or particular watershed features. 
Participation is defined very broadly.  It  includes attending a meeting about the 
watershed, sharing one’s opinion in any form with watershed decision makers, joining a 
group that seeks to address watershed issues, participating in cleanup or restoration 
activities of streams, creeks, wetlands, or parks or even changing one’s behaviors that 
could affect the watershed for the purpose of protecting the watershed. Watersheds are 
critical scales for developing governance solutions to problems involving relationships 
between land and water.  Watershed governance institutions have grown exponentially in 
the United States.  
 
This study examined the barriers to, and best methods for, engaging diverse 
underrepresented groups in governance over time by conducting in-depth interviews of 
stakeholders of two watersheds: the Beargrass Creek watershed in Jefferson County, and 
the Green River watershed in south-central and western Kentucky. Interviewees were 
individuals who live, work, or engage in recreational activities in the watershed, with a 
focus on farmers and members of traditionally under-represented socio-economic groups. 
They included both participants and non-participants in watershed governance. The 
Beargrass Creek and Green River watersheds were selected for two reasons. First, 
Beargrass Creek is primarily urban, and the Green River is primarily rural. Second, both 
are watersheds in which a significant amount of planning, management, and other 
governance activities have already occurred over many years, yet both have watershed 
planning processes still currently underway. Thus, the choice of watersheds facilitated 
research of diverse stakeholders with multiple opportunities to participate in watershed 
governance in the past, present, or future.  
 
The investigators contacted 291 g overnment agencies, civic or community-based 
organizations, environmental groups, business or agricultural groups, and other leading 
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organizations in the two watersheds in order to identify potential interviewees.  Over a 
120 potential participants were contacted with the objective of interviewing at least 60 
participants. The interviews were conducted both in-person and telephonically using a 
semi-structured questionnaire of 33 questions. The interview questions asked about the 
participants’ experiences with and perceptions of particular processes in watershed 
planning and governance, including non-participation and barriers to participation. The 
questions also asked demographic information to reveal to what extent certain groups 
participate, which participatory methods they prefer, and which obstacles to participation 
they perceive. The open-ended nature of the majority of interview questions and the 
qualitative social-science methods used in this study ensured that interviewees could 
express their actual perceptions and preferences, instead of having to choose among the 
researchers’ pre-determined options and choices that were limited to quantitative 
measurement.  
 
The study confirmed that citizens of watersheds overwhelmingly want to participate in 
watershed governance.  O ver 95% of interviewees stated that they want to participate 
more or that they do participate and are satisfied with their level of participation.  Less 
than 5% of interviewees expressed no interest in participation.  Interviewees noted many 
positive (e.g., effective, desired) features of watershed governance, but most also noted 
weaknesses in watershed governance and barriers to participation.  The specific concerns 
and barriers varied greatly among interview responses.  H owever, the timing and/or 
location of meetings was a frequently mentioned barrier.  Another frequently mentioned 
barrier was the perception that watershed meetings are superficial and do not address 
critical issues.  Interviewees’ preferred methods of participation varied greatly.  Overall, 
many respondents stated that the current governance in watershed institutions is not as 
effective as it could be, but the suggested mechanisms to effect change in the watershed 
varied from increased and better enforcement of regulation, more monitoring, and 
improved community involvement. 
 
Based on our  findings, we recommend that watershed governance systems use diverse 
methods of participation, instead of trying to select a single “optimal” method, in order to 
engage a diverse range of participants, including traditionally under-represented groups, 
such as farmers, low- and moderate-income persons, and racial and ethnic minorities.  
Our recommendation includes scheduling meetings at a variety of times and locations and 
using meetings to address a variety of important, substantive issues in significant depth. 
 
 
27 
 
LEXINGTON IS GIVING BACK – LEXINGTON’S STORMWATER GRANT 
PROGRAM IS GIVING MONEY BACK TO FEE PAYERS  
FOR STORMWATER PROJECTS 
 
Christopher S. Dent, P.E. 
125 Lisle Industrial Ave, Suite 180, Lexington, KY 40511 
Office Phone: 859-425-2521 
cdent@lexingtonky.gov 
 
 
Many communities have been setting up funding sources to address and manage 
stormwater issues. Lexington, Kentucky set up a  unique way to promote water quality 
and quantity projects, and as a result there have been a number of projects incorporated 
throughout the community.  
 
By order of EPA/Kentucky Division of Water Consent Decree, the Lexington-Fayette 
Urban County Government (LFUCG), was required to impose a stormwater management 
fee.  In 2009 t he LFUCG implemented a Water Quality Management Fee (WQMF) 
ordinance to fulfill the requirement from the Consent Decree and it then took effect in 
2010. As part of the ordinance, the LFUCG Stormwater Quality Projects Incentive Grant 
Program was born.  Each year, ten percent of the WQMF revenue is returned to the fee 
payers by way of the Incentive Grant Program at approximately $1.2 million per year. 
 
The Incentive Grant Program is unique because Lexington does not offer a credit 
program to reduce a fee payer’s WQMF.  Currently the only way a fee payer is able to 
reduce their WQMF is to reduce the impervious area on their site.  Some fee payers have 
taken it upon themselves to fund this endeavor; however the Incentive Grant Program has 
been an avenue for creative stormwater and green infrastructure practices to be 
incorporated within new and re-development projects to help improve water quality or 
quantity with the potential to reduce their fee.   
 
The grant program has allowed participants to take advantage of many green 
infrastructure and educational practices since its incorporation.  The practices range from 
rain gardens, to permeable surfaces, to rainwater harvesting systems, to green roofs, and 
the participants range from home owners associations, to schools, to small business, to 
major corporations.  A piece of the grant program also incorporates education into the 
projects.  T his program is bringing awareness of stormwater issues and practices to a 
broad range of people throughout the community.  
 
The objective of the Incentive Grant Program is to provide funds back to the fee payers in 
a unique way so that their highest priority programs and projects can be implemented to 
improve water quality, water quantity, and public education.  This program has been a 
conduit for green infrastructure practices to be incorporated into the community. 
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Lexington utilized the approach of giving back through the Incentive Grant Program 
instead of providing deductions or credits to fee payers.  The result of the implementation 
of the Incentive Grant Program has been multiple projects and programs addressing 
stormwater issues and showcasing green infrastructure within the community since 2010.  
 
The Incentive Grant Program allows property owners to utilize different green 
infrastructure methods to best fit their site and ideas allowing them to be as innovative or 
as traditional as they want with respect to water quality, water quantity and green 
infrastructure practices. 
 
This program has been in effect since 2010 a nd continues to be a successful funding 
mechanism for creative and innovative stormwater quality and quantity projects.  This 
presentation will detail the program, showcase projects implemented by grant recipients, 
and provide insight from lessons learned since program’s implementation in 2010.   
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SPACE-TIME BEHAVIOR OF SOIL WATER STATUS 
MEASURED ACROSS TWO  LAND USE SYSTEMS 
 
Yang Yang and Ole Wendroth* 
Department of Plant & Soil Sciences 
University of Kentucky 
Lexington, KY 
*owendroth@uky.edu 
 
Spatial variability of soil water status and its change in time are of primary importance to 
hydrological modeling and agricultural management. Changes in atmospheric conditions 
such as precipitation usually cause large temporal dynamics in soil water status; whereas, 
inherent soil properties such as soil texture and topography maintain their spatial pattern 
with time. The objective of this study was to analyze the temporal dynamics and stability 
of spatial field soil water status distribution and to identify the relevant underlying spatial 
and temporal processes. Along a 48- by 3-m transect evenly across two land use systems, 
cropland and grassland, soil matric potentials (𝜓𝑚) at depths of 10, 30, 50,  70, 90 and 
110 cm were measured at 1-m spatial intervals on a weekly basis from May to October, 
2013. The standard deviation (𝑆𝑇𝐷) and spatial correlation length of 𝜓𝑚 at 10 cm depth 
decreased with weekly precipitation and the spatial mean of 𝜓𝑚, owing to the 
enhancement of lateral water redistribution by elevated soil wetness. Temporal dynamics 
in both 𝑆𝑇𝐷 and covariance structure diminished with soil depth. Nevertheless, 𝑆𝑇𝐷 was 
found to positively correlate with mean 𝜓𝑚 at 110 cm, which was caused by preferential 
flow events developed sporadically along the transect during heavy precipitation. In 
contrast, 𝜓𝑚’s temporal stability generally increased with soil depth because of the 
decreased impact exerted by atmospheric conditions. According to Spearman’s rank 
correlation coefficients, the stable spatial distribution of 𝜓𝑚 was more strongly correlated 
with relative elevation, than with soil texture. The significant negative rank correlations 
and reversed spatial patterns manifested between some spatial series with distinct 𝜓𝑚 at 
either 10 or  30 c m depth suggested that the magnitude of  𝜓𝑚 needs to be taken into 
account when characterizing its temporal stability. 
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“WETNESS” IN LANDSAT SCENES VERSUS “WETNESS” ON THE GROUND: 
USES OF THE TASSELLED CAP TRANSFORMATION ON ARCHIVAL IMAGERY 
 
 
Demetrio P. Zourarakis 
Ph.D., Remote Sensing/GIS Analyst  
Kentucky Division of Geographic Information 
Commonwealth Office of Technology 
669 Chamberlin Ave.  
Frankfort, KY 40601 
502-564-6246 
demetrio.zourarakis@ky.gov 
 
 
“Wetness”, “greenness” and “brightness” bands or channels resulting from applying the 
Kauth and Thomas’ tasseled cap transformation (TCT) provide an opportunity to analyze 
temporal changes in these values over time, by exploring the now freely available 
massive Landsat scene archives (Huang et al., 2002; Baig et al., 2014).  
 
Over time, the TC-transformed thematic mapper (TM) and enhanced thematic mapper 
(TM+) sensor data acquired by Landsat 5, 7 a nd 8 satellites produced values of wetness 
consistent with known locations of wetlands and water bodies. Fluctuation of “wet 
feature” morphology, as driven by climactic and weather patterns largely influenced the 
value and weight of calendar year-to-year comparisons. 
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DYNAMICS OF SOIL QUALITY INDICATORS IN WESTERN KENTUCKY 
 
H. ROBBINS & I.P HANDAYANI 
HUTSON SCHOOL OF AGRICULTURE 
200 S OAKLEY APPLIED SCIENCE BLDG 
MURRAY STATE UNIVERSITY 
MURRAY, KY 42071 
(270)-809-6936  
hrobbins@murraystate.edu, ihandayani@murraystate.edu  
 
Evaluating soil quality is valuable in attempting to identify an ideal sustainable land 
management approach. Measurements of soil quality indicators have the potential to 
reflect the status of soil as an essential resource. The objectives of this study were to 
determine the biological, chemical, and physical soil quality indicators of various 
agricultural systems in Western Kentucky from 2009 to 2013. This study was conducted 
at 10 separate farming locations around Calloway and Warren counties. Soil quality 
indicators that were measured included water filled pore space, water stable aggregates, 
soil respiration, nitrate concentration, and bulk density. The results of this experiment 
show water filled pore space ranged from 61.66% to 70.15% and water stable aggregates 
ranged consistently from 57.70% to 62.13%. The estimated nitrate concentration ranged 
from 0.43 ppm to 10.85 ppm and soil respiration ranged from 44.36 to 73.64 lbs CO2-
C/acre/day. The bulk density of the sites varied from 1.13 to 1.48 g/cmᵌ. In conclusion, 
soil quality is important, but the dynamics of the indicators are not sufficient to identify 
optimum sustainable land management in Western Kentucky.   
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SEDIMENT ORGANIC CARBON FATE AND TRANSPORT MECHANISMS IN A 
FLUVIAL KARST SYSTEM IN THE BLUEGRASS REGION 
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Watershed sediment transport investigation and prediction tends to focus on the 
source to sink pathways, the transport energy mechanisms associated with those 
pathways, and the potential for sediment changes or fate during transit and at temporary 
storage zones. With these mechanisms in mind, we find that the role of karst as active 
conveyors of sediment and sediment organic carbon has not been thoroughly investigated 
so that it can be included in prediction models.  
The application of sediment prediction tools for karst topography is particularly 
important in Kentucky due to the high karst susceptibility in over half of the state. Karst 
aquifers are major sources of drinking water in Kentucky and understanding sediment 
and contaminant transport in karst aquifers is vital to providing safe drinking water to 
many Kentucky citizens and for managing water resources in the state. 
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Given the considerable extent of karst topography in Kentucky and globally, 
understanding the role of karst on potentially modifying the transport of sediment organic 
carbon within the fluvial system is of particular interest. Carbon rich sediment eroded 
from the uplands is diverted from the typical surface water pathway by swallets that act 
to inject the subsurface conduit with both fluid and sediment during storm events. We 
hypothesize that the phreatic nature of karst conduits offer the potential to trap terrestrial-
derived sediment organic carbon in the subterranean environment where microbial 
decomposers can turn over labile sediment organic carbon within the temporarily stored 
sediment.   
In order to investigate and predict sediment source to sink pathways, we have 
chosen the Cane Run Watershed as an experimental test bed to investigate how phreatic 
karst conduits might inhibit transport, store sediments, and turn over sediment organic 
carbon before transporting it back to the fluvial system.  We have applied several field-
based and numerical methods including: extensive instrumentation of surface and 
subsurface sites with water and sediment monitoring devices in Cane Run Watershed and 
the subsurface karst conduit, use of isotope and fingerprinting sediment analysis, and 
modeling tools to describe transport of terrestrially derived sediment organic carbon in 
subsurface karst systems.  
Research findings have shown that sediment generated by surface runoff is 
transported during hydrologic events to the subsurface karst conduit via a series of 
vertical shafts that coalesce to a primary subsurface conduit. Within the karst conduit, a 
downstream hydraulic control generated by the subsurface dam of the primary springhead 
decreases the sediment transport carrying capacity of the fluid during storm events 
resulting in net sediment deposition. During baseflow conditions in the conduit, i.e. no 
surface water flow, there is a net erosion of the conduit bed sediments due to the constant 
fluid shear stress and no influx of surface sediments to saturate the flow.   
Over time, the deposited sediment, which is rich in organic material, is 
decomposed due to heterotrophic bacteria resulting in a net carbon loss of the temporarily 
deposited fluvial sediment that is later resuspended and recharged back to the surface 
water stream through estavelles and springs. We estimate a net depletion of 36% of the 
sediment organic carbon content due to the conduit pathway. This result is in stark 
contrast to purely surface water streams in the Bluegrass Region for which research has 
shown that organic carbon can undergo a 50% enrichment from the time it e nters the 
stream until the time it exits.  
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THE KENTUCKY NUTRIENT WATERSHED MODEL 
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Computational models for analyzing the hydrologic and water quality response of a 
watershed have been used for decades, beginning in the early 1960's with the 
development of the Stanford Watershed Model (SWM).  T he 1970s produced several 
other continuous simulation models for analyzing water quality loads from stormwater 
runoff and combined sewer overflow (CSO) discharges such as SWMM and STORM.  
With an increased emphasis on TMDLs in the 1990's, EPA sponsored the development of  
BASINS, a comprehensive modeling system for use by the engineering and regulatory 
communities that  integrated existing federal databases of hydrologic and water quality 
data into a G IS-based modeling environment. More recently, in 2005, T etra Tech 
formally introduced the Loading Simulation Program in C++ (LSPC) for use in support 
of the simulation of watershed processes which include both point and nonpoint 
pollution. 
 
While the increasing sophistication of these models has provided scientists and engineers 
with better tools to analyze increasingly complex phenomena, they have also created 
some basic limitations with regard to their use by regulators and policy makers as well as 
the ability for various stakeholders including the general public to either understand or 
accept their results.  This has been especially true for models now being used as a basis 
for making significant policy decisions that can have profound economic implications for 
various stakeholders (e.g. Chesapeake Bay).  
 
This paper will summarize the development of a macro-level nutrient simulation model 
(the Kentucky Nutrient Model) and describe its application to the Floyds Fork Watershed 
near Louisville Kentucky.  The model has been constructed in an Excel spreadsheet 
format, and uses a daily time step for calculating the daily nutrient loads (i.e. total 
nitrogen and total phosphorus) for a twelve month period.  The model is able to simulate 
both point and non-point source loads. 
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MODEL PARAMETER UNCERTAINTY ANALYSIS  
FOR AN ANNUAL FIELD-SCALE P LOSS MODEL 
 
Carl H. Bolster 
Food Animal Environmental Systems Research Unit, USDA-ARS,  
Bowling Green, KY 42104 
Phone: 270-781-2632; E-mail: carl.bolster@ars.usda.gov 
 
Introduction: Agriculture can be a s ignificant source of phosphorus (P) loading to 
surface waters which can lead to water quality deterioration of P-sensitive water bodies. 
To mitigate the effects of agricultural activities on water quality, models are often used to 
assess the effectiveness of various conservation practices for reducing P loss. While 
model predictions of P fate and transport in the environment can provide useful 
information, an inherent amount of uncertainty exists with all model predictions, 
regardless of how complex or “physically-based” they may be. Sources of uncertainty 
include errors that are introduced when approximating complex physical phenomena with 
simplified mathematical models, the inherent amount of randomness within natural 
systems, measurement errors in the model input variables, and errors associated with the 
model parameters. The magnitude of the errors introduced from these different sources 
will depend on the validity of the model assumptions, the complexity of the model, the 
quality of the input data, and on how well the various model parameters have been 
estimated. This study presents results from an analysis investigating the effects of model 
input and parameter error on prediction uncertainties of P loss using the Annual P Loss 
Estimator (APLE) model, an empirically-based spreadsheet model developed to describe 
annual, field-scale P loss when surface runoff is the dominant P loss pathway. The 
specific objectives of this study were:  1) to estimate the model parameter uncertainty 
associated with five internal regression equations used in APLE, 2) to estimate 
uncertainties associated with model input variables based on uncertainties reported in the 
literature, and 3) to evaluate how the model input and parameter uncertainties affect 
uncertainties associated with field-scale predictions of P loss. 
Methods: Using unweighted and weighted least-squares regression, parameter 
uncertainties were calculated for five regression equations used to estimate total soil P 
from measurements of soil clay content, organic matter, and labile P; the P enrichment 
ratio calculated from erosion rates; concentration of P in runoff calculated from labile soil 
P; and the partitioning of P between runoff and infiltration for applied manures and 
fertilizers based on runoff ratio. Our analysis included calculating both 95% confidence 
and prediction intervals. Uncertainties in predictions of P loss using the APLE model 
were calculated by including uncertainties in both model parameters and model inputs 
and the relative magnitude of these two sources of uncertainty to the overall uncertainty 
associated with predictions of P loss were compared. 
Results: Statistically significant fits were observed for all five of the regression equations 
tested (p < 0.001) with Nash-Sutcliffe efficiency (NSE) values exceeding 0.65 for all 
equations except one, indicating good overall fits to the observed data. A large amount of 
scatter, however, was also observed indicating that a substantial portion of the variability 
in the observed data was not captured by these equations with median absolute percent 
errors ranging from 11% to 35%. Estimates of the parameter standard errors for the 
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regression equations ranged from 6% to 26% of the best-fit parameter estimates. The 
uncertainty associated with the mean response of the five regression equations due to 
uncertainties in the best-fit model parameters varied considerably with 95% confidence 
intervals (CIs) ranging from ± 15 to 57% of the model-predicted values. The calculated 
95% prediction intervals (PIs) were much wider than the CIs for each equation with 
values ranging from ± 15 – 3400%. The 95% PIs are much wider than the CIs because 
they account for variation in the dependent variable not accounted for by uncertainties in 
the best-fit model parameters and thus reflect the large amount of variability in the 
observed data not captured by these equations. This resulted in 95% PIs including 
physically unrealistic values for some of the equations.  
The uncertainties associated with APLE predictions of P loss were then calculated 
using the 95% CIs calculated for the five regression equations and estimating 
uncertainties associated with model inputs based on pr eviously published work. The 
resulting 95% CIs for APLE predictions of P loss ranged from 6 to 20% of the model-
predicted values for model input errors of ± 5% and 14 to 24% for model input errors of 
± 15%. The relative magnitude of the two sources of error (model parameter and model 
input) on t he uncertainties in model-predicted P loss varied depending on l and 
management practices. For instance, model parameter uncertainty was generally larger 
than the uncertainty resulting from ± 5% error in the model inputs for fields with no P 
application, P applied as manure to fields without erosion, and P applied both as fertilizer 
and manure to fields with erosion. For these fields, including uncertainty with the model 
input variables did not noticeably increase model prediction uncertainties. Conversely, 
when both fertilizer and manure were applied to fields with no significant erosion, model 
input uncertainty contributed the majority of the uncertainty in the model predictions. 
When P was applied as fertilizer or manure to fields with erosion, the relative magnitude 
of the uncertainties from model parameters and model inputs varied between studies. 
When uncertainty in model inputs was increased to ±15%, the contribution of model 
input uncertainty to model-prediction uncertainty became more significant. In general, 
uncertainties in both sources contributed to the overall model prediction uncertainty 
indicating the need to include both sources of error when calculating model prediction 
uncertainties with the APLE model.  
When using the 95% PIs prediction intervals to calculate uncertainties in the 
regression equations, the uncertainties in APLE predictions of P loss ranged from 35 to 
270% of the model-predicted values. In comparison, the magnitude of the model input 
uncertainties was negligible. Using the 95% PIs to calculate model prediction 
uncertainties resulted in such wide error bars as to make model predictions of individual 
observations of P loss of limited value.  
Summary: Results from this study highlight the importance of including reasonable 
estimates of model parameter uncertainties when using models to predict P loss. Our 
results also highlight the need to reduce model parameter uncertainties. To reduce these 
uncertainties will require developing equations that better describe the observed 
variability in our measurements. This will require the identification of additional soil 
properties that improve the predictive capability of these equations; properties which may 
not currently be measured in routine soil analyses.  
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FLOOD MODELING UISNG A VIRTUAL 3D ENVIRONMENT  
TO HELP STUDENT LEARNING 
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R.Teegavarappu4, J. Fox5, and P. Behera6 
1 Mechanical Engineering Department, Purdue University Calumet 
Hammond, IN 46323, cviswana@purduecal.edu 
2 CIVS, Purdue University Calumet, Hammond, IN 
3 Department of Education, Purdue University Calumet, Hammond, IN  
4 Civil Engineering Department, Florida Atlantic University, Boca Raton, FL 
5 Civil Engineering Department, University of Kentucky, Lexington, KY 
6 Civil Engineering Department, University of District Columbia, Washington, DC 
 
Introduction 
Floods can cause huge damages to properties in vulnerable river systems during severe 
storms. Flood plain management and mitigation require a proper understanding of 
watershed hydrology and river flow hydraulics. In this research, a virtual 3D lab module 
was created for the Little Calumet River System in the Lake Michigan Watershed. Its use 
in student learning was explored by integrating lab classes and regular lectures at the 
inter-university level. 
The Little Calumet River System and its Hart Ditch tributary were considered during this 
work. This river system drains 300 square miles to Lake Michigan. Covering both urban 
and rural areas, this system was very severely flooded during storm Ike in 2008. Huge 
property damages were reported due to flooding. The US Army Corps of Engineers 
constructed a levee system for more than 20 miles in Indiana to mitigate floods.  
Model development 
 
For the considered system, unsteady flood flow simulation was done using HEC RAS 
software (Hydrologic Engineering Center River Analysis System). Fourteen cross 
sections across Hart Ditch, 5 cross sections across the Little Calumet River East and 12 
cross sections across the Little Calumet River West were surveyed and used in the HEC 
RAS modeling. This task was accomplished by two senior design groups and a graduate 
student as part of thesis work. Watershed rainfall and runoff were modeled for different 
storms using HEC HMS software (Hydrologic Engineering Center Hydrologic Modeling 
System) and using USGS flow observations, flow was calibrated. Flow hydrographs from 
different reaches were extracted from HEC HMS model and used in HEC RAS 
simulation.  
After successful unsteady simulation, the results (stage levels and flow hydrographs) 
were captured from the HEC RAS model and entered in a virtual 3D model created using 
the Unity 3D game engine platform. The 3D model was created using a digital elevation 
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model, the national hydrology dataset and local statistics. When students complete the 
HEC RAS model simulation, they can prepare a text file in a specified format and enter it 
into the 3D model. Using this text file, the 3D model creates the 3D flow simulation and 
inundation mapping at different time steps. 
Students can enter the system and fly to different cross sections in a virtual environment 
to compare: 1) the flooding at different nodes, 2) the depth and area of inundation, and 3) 
impacts to the system with and without levees. Students can measure these details and 
document them using tools in the 3D environment. At four universities (Purdue 
University Calumet, Florida Atlantic University, the University of Kentucky and the 
University of the District of Columbia) these models were used in the class rooms or labs 
and student feedback was collected. The results are being analyzed by an Education 
specialist in this study. 
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UPDATING THE FRESH-SALINE WATER INTERFACE MAP IN 
EASTERN KENTUCKY 
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Since 2011, approximately 60 horizontal wells associated with the Devonian Berea 
Sandstone oil play have been drilled and completed in eastern Kentucky. Drilling and 
hydraulic fracturing occur at relatively shallow depths of 900 t o 1,800 feet from the 
surface. The shallow completion depth raises concerns about groundwater quality. 
Surface casing is intended to protect groundwater in oil and gas drilling. The depth of 
surface casing is often based on estimates of the base of the potable groundwater level. 
Hopkins (1966), mapped the elevation of the fresh-saline water interface in Kentucky, 
where he defined fresh water as having less than 1,000 ppm total dissolved solids. 
Though an often used reference for surface casing depth, the Hopkins map is often based 
on sparse data. Moreover, the base of fresh water is based on t he total depth of the 
deepest potable water well in a given area. Thus, the map likely underestimates the true 
depth to the base of fresh water in many areas. 
 
 
The scarcity of data and surge in horizontal well drilling and hydraulic fracturing 
prompted an effort to update the fresh-saline water interface map in Lawrence, Greenup, 
Boyd, Elliott, and Carter Counties. Data from the Kentucky Groundwater Data 
Repository (KGDR) and observations of fresh and salt water in oil and gas wells were 
used to update Hopkins’ map. Data for groundwater wells less than 1,000 ft deep with 
chloride concentrations less than 500 mg/L were added as new data points for mapping. 
Recognizing that the revised map may still underestimate the depth to the base of fresh 
water, we term the new map, “deepest observed freshwater.” The new map includes 120 
wells in the five county study area, whereas the Hopkins map was based on 28 w ells. 
Elevation above sea level for the deepest observed freshwater ranges from approximately 
450 ft. in Boyd County to 1050 ft. in Carter County. In most areas, the deepest observed 
freshwater occurs in Pennsylvanian sandstone. 
 
 
The confining interval thickness between the top of the Berea Sandstone oil reservoir and 
the deepest observed freshwater also plays an important role in protecting potable 
groundwater. Our mapping shows that the confining interval thickness ranges from more 
than 1500 ft in Lawrence County to approximately 350 ft in Greenup County. The thinner 
confining interval along with shallow drilling depth thus necessitates diligence when 
conducting oil and gas operations in Greenup County. 
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INVESTIGATING THE RECENT INVASION OF SILVER CARP 
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Silver Carp (Hypopthalmicthys molitrix) have established populations throughout the 
Midwestern U.S and populations in Kentucky Lake have increased rapidly within the past 
decade. This project aims to understand potential impacts of Silver Carp on reservoir 
primary productivity utilizing diet and long term data analysis. Understanding the diet of 
Asian Carp specific to Kentucky Lake is of primary importance for understanding 
changes in long term patterns of Kentucky Lake. A total of 60 Silver Carp were sampled 
for diet analysis. Silver Carp diets consisted predominantly of phytoplankton (83.6% ± 
0.4) and secondarily of zooplankton (16.4% ± 0.4).  In addition, we analyzed long term 
data of Kentucky Lake utilizing 23 years of limnological data collected from consistent 
sampling sites. Environmental variables were compared before (1990-2004) and after 
(2005-2013) the Asian Carp population explosion utilizing non-metric multidimensional 
scaling (NMDS). To date, overall NMDS results show overlap between pre-and-post 
reservoir conditions. However, some patterns show important differences in limnological 
data (e.g. primary productivity and nutrient levels) and are being analyzed further. 
Whether the recent invasion of Silver Carp is negatively impacting Kentucky Lake is not 
yet clear. Understanding long term trends in the Kentucky Lake ecosystem is important to 
understanding the invasion ecology of Silver Carp.  
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ASSESMENT OF CHYTRID FUNGUS (Batrachochytrium dendrobatidis) 
OCCURRENCE AND PREVALENCE IN PLETHODONTID 
 SALAMANDERS ACROSS A FOREST DISTURBANCE GRADIENT 
IN SOUTHEASTERN KENTUCKY 
 
Hamilton, S.M.*1, J.J. Cox1, A.N. Drayer1, J.M. Richards2 and J.J. Treanor2 
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Chytridiomycosis is an infectious disease of amphibians caused by the aquatic fungal 
chytridiomycete Batrachochytrium dendrobatidis (Bd), an aquatic pathogen that has 
caused the decline or extinction of approximately 200 species worldwide. Relatively little 
research has been conducted regarding the distribution and prevalence of Bd within the 
highly biodiverse forest ecosystems of Appalachia. Resource extraction practices have 
been shown to cause physiological changes in amphibians that can result in an immune-
compromised condition and increased susceptibility to disease.  This study represents the 
first to examine the presence of chytrid infection within the plethodontid salamander 
assemblages of eastern Kentucky, an area where surface mining for coal and timber 
harvest have heavily impacted forest and aquatic ecosystems as a r esult of pollution, 
sedimentation, and habitat fragmentation; factors that are known stressors of many 
amphibian species.  Our objective was to comparatively characterize the prevalence and 
infection intensity of Bd for plethodontid salamander assemblages within three different 
watershed disturbance treatments (surface mine-impacted, recently logged, and intact 
mature forest). We captured and skin swabbed 307 s alamanders during 14 sampling 
sessions in spring 2013 and tested them for the presence of Bd using a quantitative PCR.  
Bd was detected in a variety of salamander species from all three treatments including 9 
of 200 (4.5%) in control streams of intact forest, 6 of 93 (6.5%) in watersheds with recent 
(< 5 years ago) timber harvest, and 2 o f 31 ( 6.5%) in streams impacted by surface 
mining. Although we found no differences in Bd prevalence among treatments (p > 0.05), 
our findings are the first to confirm the presence of Bd in amphibians of this region, 
including within one of Kentucky’s few reference watersheds. Given the difficulty of 
capturing salamanders in surface mine-impacted streams and our low resultant sample 
size in this treatment, we recommend additional sampling be conducted in other similarly 
disturbed areas to more robustly assess differences in Bd occurrence and prevalence 
among different forest disturbance regimes.   
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IMPLICATIONS FOR ITS USE AS A PRODUCE PATHOGEN SURROGATE 
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230 Bennett Lane, Bowling Green, KY 42104 
270-781-2579 
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*Presenting Author 
 
Contamination of food and water by pathogens is a substantial public health issue 
in the United States. One of the challenges in protecting the public against water and 
foodborne illness is understanding the routes of contamination. One suspected route of 
food contamination is irrigation water. Surface water and ground water sources are often 
utilized for the irrigation of crops, and fresh produce in particular. Escherichia coli are 
widely used as fecal indicator bacteria (FIB) and as a surrogate for pathogens for water 
quality and food safety research. Using E. coli as a surrogate for produce pathogens 
should aid in research to understand the sources of contamination and how these 
pathogens persist in the water, soil and on plant surfaces. A key step in using E. coli as a 
pathogen surrogate is to understand how this organism varies in the environment relative 
to pathogens so that the most representative surrogate can be selected. Research is needed 
to find superior surrogates for produce pathogens to provide researchers a more effective 
indicator of produce pathogens and to understand the role that irrigation water plays in 
the contamination of produce with pathogens.  
In this study 63 E. coli isolates were selected from a pool of 1,346 i solates 
previously taken from poultry, swine, dairy, and agriculturally impacted surface water 
sources (Cook et al, 2011). These 63 environmental E.coli isolates, the produce related 
pathogens Salmonella, Listeria, E. coli O157:H7 and a common quality control E.coli 
strain (EC 25922) were evaluated for factors that have been commonly linked to the 
survival and transmission of produce associated pathogens. These factors include biofilm 
formation, curli expression, and growth rate. These assays were completed when isolates 
were grown in a nutrient rich environment (Luria-Bertani broth [LB]) and a nutrient poor 
environment (Lettuce lysate + minimal salts [LM]). These characteristics are thought to 
play major roles in the ability of pathogens to survive and persist in the soil and on plant 
surfaces.  
Of the 63 isolates, only six were determined to be negative for curli expression, 
while E.coli O157:H7 was the only pathogen that was positive. Salmonella and EC 25922 
were inconclusive. Growth rates were considerably higher in LB versus LM which was 
expected, however when analyzing LM growth rates, EC 25922 had one of the highest 
growth rates out of all isolates and Salmonella one of the lowest. Salmonella biofilm 
formation was approximately 15 times higher than that of the common quality control 
strain EC 25922 when grown in LM.  When comparing EC 25922, E.coli O157:H7 and 
Listeria to the 63 i solates, the 63 isolates had higher overall biofilm formation when 
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grown in LM than when grown in LB. Six of the 63 isolates had biofilm formation that 
was three times higher than EC 25922 (Figure 1).  
These data exemplify the diversity in isolates from environmental sources, and 
that E.coli quality control strains such as EC 25922 may not be appropriate indicators of 
pathogens because of the vast differences in how they behave in environmental 
situations. Using these data, and continued characterization of the isolates (carbon source 
utilization, genotypic data, soil and lettuce adhesion), isolates will be selected for future 
greenhouse experiments. These isolates will then be applied to soil and lettuce leaf 
substrates via spray or drip irrigation water, and isolate survival will be monitored over 
time. This research will provide science based information on the differences in E. coli 
isolates from multiple environmental sources, the selection of enhanced produce 
pathogen surrogates, and the potential of produce contamination via contaminated 
irrigation water.   
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Figure 1. Comparison of Biofilm production by top preforming environmental isolates 
compared to the industry quality control strain EC 25922. 
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QUANTIFICATION OF COMMON AGRICULTURAL HERBICIDE DISPERSAL 
AND LAND USE IN SELECTED AREAS OF THE KENTUCKY RIVER 
WATERSHED 
 
 
Andrew Nagel, Sarah Stryffeler, James Brown, Dr. Kristy Hopfensperger, Dr. David 
Thompson 
 
216 Clover Ridge Ave, Fort Thomas Kentucky, 41075 
859-907-8464 
nagela4@nku.edu 
 
 
Atrazine, an abundant herbicide has been found to cause numerous adverse effects on 
non-target species. The agricultural use of “burndown” herbicides, such as atrazine and 
metolachlor, for clearing land is common in the Kentucky River watershed. To study the 
effect these herbicides may have on native willows, a dominant riparian tree, we have 
utilized a combined field and laboratory approach. Testing of Kentucky River and 
tributary water samples in June 2013 revealed that atrazine was present in 21 a nd 
metolachlor was present in 4 out of 23 sites in Henry, Owen, and Carroll counties. 
 
As a follow up to the preliminary data, water, soil, and vegetation samples were collected 
during May and June 2014.  Water samples were collected five separate times, along with 
a single sampling of soil and vegetation at the sites. Samples were prepared for enzyme 
linked immunosorbent assay (ELISA) analysis using filtration and extraction procedures. 
Of the 12 sites sampled in 2014, atrazine was identified in water samples from all 12 sites 
and metolachlor was identified in 3. Additionally, of the soil and leafy tree tissue 
samples, concentrations of both atrazine and metolachlor were found in every sample. 
Atrazine concentrations in water samples ranged from 0.05ppb to 3.95ppb. Studies have 
found that atrazine causes adverse effects at concentrations as low as 0.10ppb. In our 
findings ten of the twelve sample sites had concentrations at or above 0.10ppb within the 
sampling period. Additionally, several statistical analysis were conducted using SPSS 
statistical software including Kruskall-Wallis Anova, Dunns test and post hoc 
comparisons. 
 
GIS analysis of the area for agricultural use was compared to the sites that tested positive 
for these herbicides and percent cultivated crops was compared with the mean values 
from the sample analysis. From each sample site, a radius of 500m with 1000m upstream 
buffer was created. This being used to determine if the herbicides were present within the 
sample site and where would they be coming from. A mixed linear model analysis 
indicated that the percent cultivated crop land use is significantly related to atrazine and 
metolachlor concentrations in collected water samples. Additionally, this analysis 
suggested that the herbicides were accumulating within the soil and plant tissues. 
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From the study we now know that these harmful chemicals are present within the 
watershed at high concentrations. Despite these not being the cause for the disappearance 
of willows, they may still be harmful to other organisms within the watershed which 
could be addressed in future studies.  
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EXPLORING THE EFFECTS OF HERBICIDES ON WILLOW SEEDLINGS 
Sarah Stryffeler, Drew Nagel, James Brown, Dr. Thompson, and Dr. Hopfensperger 
2686 Edenbridge Ct. Burlington, KY 41005 
(859) 250-2139 
Stryffeles1@nku.edu 
 
 In the many agricultural areas of Kentucky, the use of no-till herbicides, such as 
atrazine and metolachlor, are common for soybean and corn crops.  These herbicides can 
leach into groundwater and run off into surface water, potentially harming the organisms 
that live in these ecosystems.  Research is limited on how these herbicides are affecting 
native trees, particularly willows, found along Kentucky’s waterways.  Our preliminary 
testing of water samples in the lower Kentucky River watershed revealed that atrazine 
was present in 21 a nd metolachlor was present in 4 out of 23 sample sites in Henry, 
Owen, and Carroll counties.   
To determine the potential effects of these herbicides on willow trees, 30 black 
willow seedlings were planted in the Northern Kentucky University greenhouse in May 
2014.  Each seedling received a treatment of atrazine, metolachlor, a mixture of the two, 
or neither in varying concentrations.  T he treatments with three replicates each were 
given the herbicides three times per week for eight weeks. 
Multiple variables; including stem length, average midrib length, number of 
leaves, number of branches, and chlorophyll fluorescence; were measured weekly to 
determine how each plant was responding to the herbicide treatment.     
 After two months of applying the herbicide treatment, data analysis was performed in the 
form of ANOVA.  This analysis revealed that there was no significant difference among 
the herbicide treatments.  It is possible that higher concentrations of these herbicides 
could have negative effects on willow seedlings; however, it is  unlikely that 
concentrations that high would be found in the Kentucky River system.   
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LiDAR MAPPING SINKHOLES IN CANE RUN WATERSHED 
Fidele Nsonguh Tibouo 
Dept of Earth & Environmental Sciences 
University of Kentucky, Slone Building 
Lexington, KY 40506 
(859)940-8112 
Email: fns222@g.uky.edu 
 
Junfeng Zhu and James Dinger 
Kentucky Geological Survey  
University of Kentucky 
 
 
Cane Run watershed is located between the cities of Lexington and Georgetown and 
straddles the counties of Fayette and Scott in the Inner Bluegrass region of Central 
Kentucky. This watershed is underlain by Ordovician-age limestone rocks which have 
developed numerous karst features, such as sinkholes. A sinkhole is a natural depression 
in the surface of the ground where rainfall is drained internally (Currens, 2010). 
Sinkholes work as rapid passages linking surface water to groundwater, making 
groundwater exposed to contamination. Catastrophic Sinkhole events can be caused both 
by humanity through broken water pipes and naturally through rainfall that will dissolve 
rock and erode soil. They can be found around the world, but are most common in 
limestone environments and where limestone underlays clastic sediments such as sand.  
So, are there possibilities to predict or prevent future sinkholes? 
Over past decades, LiDAR (Light Detection and Ranging) has been established as a 
promising method for mapping and locating sinkholes by researchers. Montane (2002) 
used LiDAR and ground penetrating radar in central Florida and suggested that airborne 
LiDAR may be used to map subtle topographic features associated with sinkhole hazard. 
In Nixa, Missouri, Mukherjee and Zachos (2012) have identified sinkholes from LiDAR 
by using a sink-filling method. Zhu et al., (2014) in the Floyds Fork watershed used a 
LiDAR technique to increase the number of identified sinkholes by a factor of four with 
an identification success rate of between 80% and 93% at the 95% confidence level, and 
identified approximately 55% of the sinkholes previously mapped. Rahami and 
Alexander (2013) found that the majority of nonagricultural sinkholes were visible using 
LiDAR in the Winona County, Minnesota. 
Sinkhole data within the Cane Run watershed were originally collected in a s tatewide 
effort to digitize sinkhole data in the early 2000’s (Florea et al., 2002). This information 
was extracted from the 7.5-minute topography maps through visual inspection and 
digitization of closed-contours, but was not verified with field inspections. Furthermore, 
the most recent revisions to these topographic maps were completed in 1993, and new 
sinkholes may have formed since this date. These factors have consequently attributed to 
an incomplete data set. 
This incomplete sinkhole data set has given us an opportunity to use LiDAR data to 
confirm previously mapped sinkholes, and to also identify previously unidentified 
sinkholes. In this study in the Cane Run watershed, we used the same five-step procedure 
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utilized by Zhu et al. (2014)  which is 1) import LiDAR data to ArcGIS, 2) create high 
resolution DEMs from the imported data, 3) extract surface depression features from the 
DEMs, 4) inspect depression features for probable sinkholes, and 5) field verify probable 
sinkholes. The DEM Created from the LiDAR data set allowed us to extract 859 
polygons of depressed land surface in our area of study. We categorized the polygons in 
to three classes: (1) not sinkholes because they were stream channels, (2) potentially 
sinkholes, and (3) probable sinkholes. There were 54 probable sinkholes and 32 potential 
sinkholes. We field checked approximately 7% and 3% of probable sinkholes in Fayette 
and Scott Counties, respectively. During our field checking, many of the polygons were 
found to be storm drainage ponds. We realized that many probable sinkholes were 
located on  farms, also some probable sinkholes in our area of study were overlapping 
with the sinkholes previously mapped in  Fayette and Scott Counties. Those which do not 
overlap are ptoentially sinkholes newly formed in recent years. The reason why the 
percentages differ from Zhu et al. (2014) field checking results is because our main field 
checking was in the urban area where some of the sinkholes were filled due to 
construction.  
The newly identified sinkholes in the Cane Run watershed provide a good basis to 
understand their distribution and develop techniques that can decrease or avoid personal 
injuries and property damage. This method could be improved by modifying the 
parameters with which polygons are identified as possible sinkholes. False positives 
compose a large percentage of polygons that are initially identified as possible sinkholes. 
If these discrepancies could be removed or reduced, it would significantly reduce time 
spent in the field. 
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Currens, J. C., 2010, retrieved January 16, 2015, from http://www.uky.edu/KGS/water/general/karst/kgeohazard.html. 
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Karst Studies, p 58-62. 
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Recent studies have shown increasing concentrations of biologically harmful organic 
pollutants in wastewater, including hormones from hospital waste and a variety of 
pesticides from farm runoff. A potentially effective way of removing these organic 
pollutants is by taking advantage of photocatalytic degradation, the breakdown of organic 
compounds by ultraviolet (UV) radiation in the presence of a catalyst such as titanium 
dioxide (TiO2). Although studies have shown that processes utilizing photocatalytic 
degradation can effectively remove organic pollutants at the very minute concentrations 
at which they are biologically threatening, the mechanisms behind these reactions are not 
well understood. Understanding these mechanisms is a crucial step in developing safe 
and effective technologies that take advantage of photocatalytic degradation in the field 
of wastewater treatment.  
 
To fully understand these reactions it is necessary to monitor them in real time, which we 
have recently shown can be managed with Raman spectroscopy. Raman spectroscopy is 
useful for these types of studies because it quickly provides a molecular fingerprint 
determined by specific vibrational modes within molecules without destroying any 
sample. Raman spectra can be taken of aqueous solutions without water interfering with 
signal, and many spectra can be taken in succession. In order to monitor those 
compounds that are sparingly soluble, however, it is necessary to enhance the Raman 
signal of the target compound. Surface enhanced Raman spectroscopy (SERS) uses the 
properties of gold nanoparticles to enhance Raman signal by one million fold. Gold 
nanoparticles are synthesized in our lab using a standard citrate reduction method and are 
aggregated using sodium chloride prior to being suspended in aqueous solutions with 
appropriate analytes prior to taking spectra with the Raman system. Much of the work 
done on this project has been dedicated to optimizing signal enhancement and ensuring 
that results from SERS experiments will be reliable and consistent. Aggregating the gold 
nanoparticles using sodium chloride helps to increase SERS signal enhancement to a 
greater degree than the nanoparticles would alone. In order to optimize the aggregation of 
the nanoparticles for our purposes, studies were done to determine the appropriate 
concentration of sodium chloride necessary for producing the greatest amount of signal 
enhancement, as well as the appropriate amount of time nanoparticles should be in 
solution with sodium chloride.. Nanoparticles formed by aggregating gold colloid with 
0.1M sodium chloride for a period of at least 24 h prior to use proved to yield the best 
signal enhancement. These preliminary studies were necessary for ensuring that signal 
could be reliably taken at the very low concentrations. 
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One persistent issue with SERS had been its 
difficulty producing quantitative results: signal 
levels could not be correlated to solution 
concentrations, which is critical for assessing 
photocatalytic degradation. We show here that 
carbon disulfide (CS2) is effective as an internal 
standard to provide a point of reference in order 
to take quantitative measurements. SERS with 
the use of an internal standard is performed by 
adding the internal standard to a solution of 
analyte, and then adhering colloidal gold 
nanoparticles to the internal standard and analyte 
simultaneously before collecting spectra with the 
Raman spectrometer (Figure 1). The analyte 
used in our studies for testing the validity of CS2 
as a SERS internal standard was Rhodamine 6G 
(R6G), a dye with a well-known SERS response. 
Our proof of concept study showed that there is 
in fact a predictable correlation between the 
concentration of R6G and the integrated areas of 
its peaks as compared to the integrated area of 
the single peak in CS2. The use of an internal 
standard as a point of reference makes SERS 
measurements reliable and therefore opens up 
the possibility of monitoring changes in both 
concentration of organic pollutants and identity 
of any intermediates created over the course of a 
reaction such as photocatalytic degradation.  
 
To begin studies of the photocatalytic 
degradation of common organic pollutants, R6G 
will again be used as the compound for initial 
tests. The degradation reaction will be 
monitored using a flowing reactor, which allows 
Raman spectra to be collected on a continuously 
flowing sample as frequently as o nce every 
minute. By monitoring the photocatalytic 
degradation reactions of organic compounds in 
aqueous solutions in real time using SERS with 
an internal standard, we will track the decline in 
concentration of pollutants over time. We will 
also have a unique look at spectra of any reaction intermediates. This will help to understand the 
reaction mechanisms more fully so that we can ensure that photocatalytic degradation is safe to 
implement into the wastewater treatment process.  
Figure 1. Raman spectra of CS2 (top panel) and 
rhodamine 6G (middle panel) adhered to gold 
nanoparticles. No Raman signal can be detected 
of such low concentrations in the absence of the 
gold nanoparticles. When both are co-adsorbed 
(bottom panel), the relative concentrations of 
the two components can be determined 
quantitatively. 
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 The use of electrical resistivity imaging to locate karst conduits has traditionally 
shown mixed success. However, time-lapse electrical resistivity imaging combined with a 
salt injection may improve conduit detection by elucidating regions where electrical 
conductivity changes due to salt passage. We tested the approach above a known karst 
conduit in the Kentucky Horse Park (Lexington, Kentucky). A salt tracer solution was 
injected into a karst window over a 45-minute interval, and repeat resistivity surveys 
were collected approximately one kilometer away along a 125-meter transect every 20 
minutes. The resistivity transect was located near a well that penetrates the conduit, 
where a conductivity sensor was deployed. The in-situ conductivity data are essential for 
verifying the results of the electrical resistivity method. Conductivity in the well peaked 
at approximately 125% of the initial value ~3 hours after salt injection. Preliminary 
pseudo-sections show areas of increasing conductance that correlate to conductivity 
changes recorded in the well. If this imaging method proves viable after inversion of the 
resistivity data, time-lapse electrical resistivity imaging could allow for more reliable 
identification of karst conduits in the subsurface. 
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Compost bedded pack dairy barns (CBP) were introduced to the United States in the early 
2000’s as a housing and waste management alternative for small to mid-size dairy 
operations. Since 2006 nearly ten percent of Kentucky’s dairies have utilized this system, 
with adoption projected to grow. In general, as composting proceeds it stabilizes nutrients 
into biomass, slowing down nutrient release. However, little is known about the fertility 
release aspects of CBP product, which contains approximately 2% N  and 1% total P 
(Kellogg et al., 2000).   
 
Unlike cured or finished compost, CBP is an unfinished product, which warrants study to 
understand its fertility aspects as a soil amendment. Limited research is available about 
the environmental impacts of CPB material once it is  land-applied. Of equal concern is 
the impact of organic wastes on s ensitive soils, such as those occupying steep slopes, 
those with high soil test phosphorus levels, and those in close proximity to surface 
waters.  Regional soils exhibit higher phosphorus content due to native mineralogy. This 
inherent property, in addition to karst geology in many regions of Kentucky, increases the 
risk of phosphorus loading and loss to freshwaters from land-applied CPB material.  
 
The P content of composted cattle manure can vary, even amongst herds, due to changes 
in feed, bed management, and storage (Barnett, 1994; Dou et al., 2000: Hammond et al., 
2013). The objectives of this research were to address the extent to which compost 
bedded pack dairy barn waste affects soil phosphorus dynamics and the mobility of 
phosphorus of land-applied CBP waste. We examined the extent to which CBP waste 
contributes to P loading and availability in susceptible soils, because this is an 
environmental and economic factor specifically affecting the sustainability of Kentucky 
dairy operations.  From this study, an improved understanding of the fertility dynamics of 
land- applied CBP waste and other organic waste sources was gained, which may foster 
watershed scale health by implementing better informed waste application decisions.  
 
CBP waste was added at four application rates (1, 2, 4, and 8 Mg/ha) to a Maury silt loam 
(1-3% slope ) at the University of Kentucky Maine Chance Research farm. The chemical 
analysis of the CBP material is in Table 1. At the time of surface application, core 
samples were taken to a depth of 30 c m (0-15 and 15-30 cm increments) and after 30 
days, core samples were taken to a depth of 5 centimeters and further sectioned by depth  
into 1 cm increments.   A simple phosphorus fractionation scheme was performed using 
UV light to reveal inorganic water soluble P and labile organic P, which were quantified 
by a microplate colorimetric procedure.   
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Table 1. Nutrient characteristics of composted bedded pack barn waste. 
 
 Nutrient    %       Nutrient  ppm (mg/kg) 
     C   38.4      Zn          228 
     N     2.5      Cu             49 
     P     0.9      Mn           240 
     K    1.9      Fe         1210 
     Ca     2.3 
     Mg     1.0 
 
 
At the time of application, the average water soluble P was 37 mg/kg (range 25 to 50 
mg/kg) at 0-15 cm and 11 mg/kg (range 7 to 17 mg/kg ) at 15-30 cm. Average labile 
organic P was 9 mg/kg (range 7 – 12 mg/kg) at 0-15 cm and 3 mg/kg (range 2 to 6 
mg/kg) at 15-30 cm depth.  Labile organic P represented about 20% of total water soluble 
P at either depth. There was a significant effect of depth on initial water soluble and 
labile organic P.  
 
Table 2 shows the net change in water soluble P by depth and treatment. After 30 days 
the net change in water soluble P from 0-1 cm depth relative to an unamended control 
core from the same plot ranged from 23 to 103 mg/kg.  Labile organic P was an 
inconsequential fraction of the P after compost addition.     
 
 Table 2. Effect of compost bedded pack dairy waste amendment on net change in water 
soluble P by depth ( mean + sd, n=3) 
 
Application Rate (Mg/ha)  0-1 cm depth   4-5 cm depth 
         (mg/kg)                     (mg/kg) 
 
 1      23.3 + 16.3   29.4 + 13.5 
 2      25.9 + 16.2   15.1 + 13.6 
 4      40.5 + 9.1   19.6 + 13.8 
 8    103.3 + 67.6     8.2 + 11.1 
 
 
The initial results of this study suggest that increasing the rate of the compost material 
results in an immediate increase in water soluble P in the first cm of soil that is 
proportional to the rate applied. However, the increase in water soluble P at greater 
depths was not consistent and reaffirms the relative immobility of soluble P in the soil 
environment. 
 
This work was sponsored by the Kentucky Water Resources Research Institute in 
accordance with a student support grant from the  United States Geological Survey 
(2014KY234B) awarded to Leslie Hammond. Mauricio Cunha Almeida Leite was 
supported by an undergraduate internship from the CAPES Foundation.  
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Due to economies of scale, smaller animal feeding operations, like many dairies in the 
Commonwealth of Kentucky, face challenges in managing organic waste nutrients, 
namely phosphorus (P) and nitrogen (N). Compost bedded pack dairy barns (CBP), a 
viable option for waste management in small to mid-size dairy operations, were first 
introduced to the United States in the early 2000’s. Since 2006, nearly ten percent of 
Kentucky’s dairies have utilized this system, with projected growth in adoption. In 
general, as composting proceeds, it stabilizes nutrients into biomass, slowing down 
nutrient release. During this process, P is conserved while N and carbon (C) decrease as 
volume and mass decreases. Compost used as a soil amendment enhances soil 
productivity by increasing soil organic matter content, introduces a suite of 
microbiological activity, and can enhance the ability of a soil to conserve nutrients.  
 
The degree and extent of P mineralization and availability following soil application of 
composts is poorly understood (Zvomuya et al., 2006). To better understand the change 
in P with time, two soils were subjected to aerobic mineralization for 120 days.  Soil test 
P is hypothesized to have a measurable effect on the availability of fertilizer additions 
and a strong influence on a soil’s capacity to sorb P.  To examine the effect of soil test P, 
two Faywood silt loams were used, one of which exhibited high soil test phosphorus 
(HSTP) and the other a low soil test phosphorus (LSTP). Each soil was amended with 0, 
56, 112, or 224 kg/ha P as raw manure or CBP waste. At 0, 30, 60, a nd 120 days, soils 
were sampled. Each sample was tested using a simple phosphorus fractionation scheme 
to reveal inorganic water soluble P and labile organic P decomposable by means of UV 
radiation.  In addition, plant-available forms of nitrogen following anaerobic 
mineralization were also determined. This report addresses only the first 30-day 
incubation period. 
 
Initially, the LSTP soil with compost had 7.1 and 5.4 m g/kg water soluble P and UV 
extractable labile organic P, respectively. The control experienced no significant change 
with time. At the time of addition, the compost increased water soluble P in the LSTP soil 
by 24, 50, and 91 mg/kg, respectively for the three compost application rates (56, 112, 
and 256 k g/ha). The initial change in water soluble P for LSTP soils amended with 
manure was 17, 32, and 89 mg/kg. The difference in treatments at the time of application 
was negligible in terms of water soluble P. The change in labile organic P was 0.2, 2, and 
8 mg/kg, respectively in LSTP soils amended with 56, 112, a nd 256 kg /ha compost 
initially.  Labile organic P following initial addition of manure in LSTP soil was 5, 10, 
and 14 mg/kg, respectively for the 56, 112, or 224 kg/ha P application rates. In general, 
the organic P fraction was more labile in manure-amended LSTP soil. 
  
After 30 da ys aerobic incubation, water soluble P in the LSTP compost treatment 
decreased by 54 and 30 percent for the 52 and 112 kg/ha treatments, respectively, while 
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water soluble P in the 224 kg/ha treatment increased slightly. The 56 a nd 112 kg/ha 
samples experienced an increase in labile organic P, with the latter increasing by 6 
mg/kg, while the labile organic P in the 224 kg/ha treatment decreased by 30%, an 
amount that could be attributed to the slight increase in water soluble P. The LSTP soil 
amended with raw manure had a d ecrease in water soluble P of 10, 16,  and 59 m g/kg 
respective to treatment, indicating that the soil had a high sorption capacity for labile P. 
This is in accordance to literature in terms of sorption kinetics and capacity. The decrease 
in labile organic P across all manure treatments with time in LSTP soil was minimal, 
suggesting that these sources were still recycled amongst soil biota.  
 
The HSTP soil control contained 56 and 6 mg/kg water soluble P and labile organic P, 
respectively. The amount of labile organic P was similar to that of the LSTP control, 
which is consistent for soils that have similar organic matter content. Following compost 
addition, treatments increased water soluble P by 36, 70, and 171 m g/kg, respectively. 
The labile organic P at the time of addition decreased in the soil amended with 56 kg/ha 
by half, but increased in the other treatments by 5 and 11 mg/kg, respectively. After 30 
days incubation, the compost amended samples experienced a 17, 33, and 23% decrease 
in water soluble P relative to each respective treatment rate. Labile organic P in the CBP 
amended HSTP soil remained stable in the lower application rates, but decreased by 
nearly 13 mg/kg for the 224 kg/ha amendment. It is unclear as to the cause of the P loss, 
but it is  hypothesized that it was adsorbed or may have precipitated as secondary P-
containing minerals because the overall extractable P content by this methodology 
decreased over 30 days. Manure amendment to HSTP soil increased water soluble P and 
labile organic P across all treatments. This is consistent with literature, which states that 
raw manure tends to increase STP values, especially the inorganic fraction with time in 
higher STP environments (Thom and Dollarhide 2002; Pagliari and Laboski 2013). 
 
We conclude that the short term 30-day effect of CBP added to soil differs depending on 
soil test P level. In LSTP soils the CBP tends to slowly mineralize, and like inorganic P 
fertilizers, is subject to adsorption. In HSTP soil, CPB is first sorbed, but slowly released 
with time, suggesting that understanding release characteristics is crucial to meet crop 
needs and to inhibit soil losses. Raw manure, due to its inherently higher inorganic P 
content, quickly sorbs in LSTP soils, but increases bioavailable P in HSTP soil 
environments, and should be applied on a P basis.  Because P within CBP waste material 
is concentrated during the composting process, it is imperative to ensure proper testing of 
the amendment including total P and moisture content to prevent the possibility of 
subsequent over application of P in HSTP soils following incorporation or surface 
application.  In accordance with current nutrient management policies, application of 
CBP waste to soils exhibiting high STP, should be applied on a  P basis to prevent P 
losses.   
 
This work was sponsored by the Kentucky Water Resources Research Institute in 
accordance with a student support grant from the  United States Geological Survey 
(2014KY234B) awarded to Leslie Hammond.  
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DEVELOPMENT OF POLYPHENOLIC NANOCOMPOSITE MATERIALS FOR THE 
RAPID REMOVAL OF ORGANIC POLLUTANTS FROM CONTAMINATED 
WATER SOURCES 
 
Angela M. Gutierrez, Bradley J. Newsome, Rohit Bhadari,  
Thomas D. Dziubla and J. Zach Hilt 
177 F. Paul Anderson Tower 
 Department of Chemical and Materials Engineering 
University of Kentucky, Lexington, KY 40506-0046 
859-257-3864 
amgu232@g.uky.edu; zach.hilt@uky.edu  
 
 
Polyphenolic nanocomposite materials were developed using two distinct methods to 
capture organic pollutants from water sources. The polyphenolic moieties were 
incorporated to create high affinity binding sites for organic pollutants within the 
nanocomposites.  The first method utilized a surface initiated polymerization of 
poly(ethylene glycol)-based and polyphenolic-based crosslinkers on the surface of iron 
oxide magnetic nanoparticles to create a co re-shell nanocomposite. The second method 
utilized a bulk polymerization method to create macroscale films that were composed of 
iron oxide nanoparticles incorporated into a polyphenolic-based polymer matrix, and then, 
these films were processed into microparticles.  Both methods produce nanocomposite 
materials that can specifically bind chlorinated organics, can rapidly separate bound 
organics from contaminated water sources using magnetic decantation, and can use 
thermal destabilization of the polymer matrix for contaminant release and material 
regeneration. The polyphenol functionalities used to bind organic pollutants were 
quercetin multiacrylate (QMA) and curcumin diacrylate (CDA), which are acrylated forms 
of the nutrient polyphenols with expected affinity for chlorinated organics. These were 
then crosslinked with poly(ethylene glycol) 400 diacrylate (PEG400DA) to form 
biomimetic polychlorinated biphenyls (PCBs) binding domains. Particles were 
characterized using transmission electron microscopy (TEM), dynamic light scattering 
(DLS), Fourier transform infrared spectroscopy (FTIR), and thermal gravimetric analysis 
(TGA). Pollutant binding studies were performed using PCB 126 as a model PCB and 
chlorinated organic pollutant to determine binding affinity and capacity, and this was 
quantified using GC-ECD. It was demonstrated that the materials effectively bound PCBs, 
and the addition of the polyphenols, QMA and CDA, was shown to have a greater affinity. 
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USE OF eDNA TO DETECT DARTER SPECIES 
IN CENTRAL KENTUCKY STREAMS 
 
Mary R. Johnson, Annissia L. Wood, Cierla V. McGuire, Harold A. Brabon, 
Malinda A. Stull, Ashton Bain and Ben F. Brammell 
Department of Natural Sciences 
Asbury University, Wilmore, KY 40390 
(859) 858-3511  Ext. 2123 
ben.brammell@asbury.edu 
 
Environmental DNA (eDNA) refers to DNA shed into the environment by sloughed cells, 
feces, gametes, or other particles.  In aquatic systems, this DNA disperses through the 
environment and can be recovered through water samples and the organisms that released 
it identified, offering great promise in improving species detection and conservation.  
eDNA detection of macroscopic organisms is still a relatively new technique and many 
unanswered questions exist regarding detection limits and nucleic acid degradation rates, 
among other issues.  We developed species specific primers for use in qPCR eDNA 
detection of four darter species found in central KY streams: the rainbow darter 
(Etheostoma caeruleum), fantail darter (Etheostoma flabellare), greenside darter 
(Etheostoma blennioides), and logperch (Percina caprodes).  Laboratory studies were 
conducted to verify the specificity of these primers and  a field test produced results 
consistent with electrofishing surveys.  A lthough none of the fish in this study are 
threatened or endangered, Kentucky is home to five species of federally endangered fish, 
including three darter species.  The results of this study should be applicable in the 
eventual eDNA monitoring of these and other threatened and endangered fish species.       
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USE OF eDNA IN HELLBENDER (Cryptobranchus alleganiensis) DETECTION 
 
Ronald B. Sams1,
 Christopher C. Pauley1, Mary R. Johnson1, Malinda A. Stull1, 
Andrew J. Wigginton2 and Ben F. Brammell1 
 
1Department of Natural Sciences, Asbury University, Wilmore, KY 40390. 
(859) 858-3511  Ext. 2123 
ben.brammell@asbury.edu 
 
2Department of Biology, Eastern Kentucky University, Richmond, KY 40475 
(859) 622-1531 
Andrew.Wigginton@eku.edu 
 
 
Hellbenders (Cryptobranchus spp.) are North America’s largest amphibian species and 
are comprised of two subspecies.  The Ozark hellbender (Cryptobranchus alleganiensis 
bishopi) is found in southern Missouri and northern Arkansas and is federally endangered.  
The eastern hellbender (Cryptobranchus alleganiensis alleganiensis) is found from 
southern New York to northern Alabama.  In the last century eastern hellbenders have 
experienced dramatic range reductions thought to largely be the result of dam 
construction, pollution, and sedimentation as well as over collecting.  Range reductions 
of up to 80% have been reported in some areas.  Additionally, hellbenders are reclusive 
organisms, most frequently residing under large slab rocks, and are therefore notoriously 
difficult to survey.  Environmental DNA (eDNA) provides an effective, non-invasive 
method to document hellbender presence in an efficient manner.  Previous studies have 
used end point PCR to successfully survey hellbender populations in the southeast, 
including some Kentucky streams.  We developed and tested protocols to utilize qPCR in 
the eDNA monitoring of hellbenders in central Kentucky streams.  DNA extracted from 
both a tail clip and a hellbender shed were utilized as a positive control along with water 
samples collected in areas known to harbor robust hellbender populations.  Initial water 
samples collected from several central KY streams and the Kentucky River were 
analyzed as well although these initial tests were negative for hellbender eDNA.  Future 
studies will survey habitats in KY from which hellbenders are known historically but for 
which distribution data are scare or entirely lacking.  These data should contribute to the 
conservation efforts of this elusive organism.    
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THE RECOVERY POTENTIAL SCREENING TOOL: PRIORITIZING 
WATERSHEDS FOR RESTORING IMPAIRED WATERS 
Caroline Chan and John Webb 
Kentucky Division of Water 
200 Fair Oaks Ln 
Frankfort, KY 40601 
(502)564-3410 
Caroline.Chan@ky.gov and John.Webb@ky.gov 
 
The Kentucky Division of Water (KDOW) is charged with protecting and restoring the 
waters of the Commonwealth. With limited dollars and a mandate from the USEPA to 
show successes, KDOW must be selective in determining where to implement strategies 
to improve water quality. The Recovery Potential Screening Tool is an EPA-produced 
model that uses ecological, stressor, and social indicators for each watershed to produce a 
score for the recoverability of that watershed. Flexibility is inherent in the tool in that the 
user can choose which metrics to input for each indicator based on the needs of the user. 
KDOW has been one of the states chosen to beta-test the Recovery Potential Screening 
Tool. An example of scoring pathogen impaired streams/watershed for potential 
mitigation projects is given. The example demonstrates how metrics are chosen, put into 
the model, and model results are interpreted. 
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CLIMATE CHANGE IMPACT ON THE TRANSPORT OF WATER, SEDIMENT 
AND SEDIMENT CARBON IN THE INNER BLUEGRASS 
Nabil Al Aamery 
Graduate Associate 
Department of Civil Engineering 
University of Kentucky 
364 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 536-1934 
Email: nabil.hussain@uky.edu 
 
Jimmy Fox 
Associate Professor 
Department of Civil Engineering 
University of Kentucky 
354G O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: james.fox@uky.edu 
 
Climate change and land use can significantly impact the hydrological processes, 
sediment yield, and sediment carbon at a regional scale, and the motivation of this 
research is to gain a better understanding of these processes in temperate regions of the 
eastern United States including Kentucky USA. The National Climate Assessment 2014 
reported that all global circulation models, regardless of emission scenario, predict higher 
temperature and higher precipitation in the wet regions, and lower precipitation in the dry 
regions around the world in the middle and end of this century. The Bluegrass Region is 
characterized as one of the wet regions in the central and eastern United States where 
change in the climate is projected.  For example, under continuous emission increase 
scenario, the average annual precipitation and the average annual temperature are 
anticipated to increase by 0 to 10% and 3.9 to 5 (oC), respectively, by 2100.  
 We are investigating how the projected climate changes might impact 
streamflow, sediment transport and sediment carbon fate and transport in the Bluegrass.  
We have chosen the South Elkhorn Watershed as a case study due to the fact that: (i) it is 
considered a highly impaired watershed where streamflow and water quality predictions 
are needed; (ii) many anthropologic activities exist within the watershed, including 
urbanization and agriculture, for which changes in water and sediment processes will be 
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of interest; (iii) we have many historic datasets available and research experience within 
the watershed that allow forecast modeling; and (iv) stream flow, sediment, and sediment 
carbon responses to the impact of the projected climate change have not been assessed 
previously in the watershed. 
In order to complete our investigation, the Soil and Water Assessment Tool 
(SWAT) hydrologic model was first evaluated to South Elkhorn Watershed using past 
conditions and then driven for future conditions by using downscaled temperature and 
precipitation data from North American Regional Climate Change Assessment Program 
(NARCCAP). SWAT was chosen for this study because it has been widely applied and 
successfully evaluated in different regions all around the globe.  In addition, we are 
applying our previously parameterized numerical models for sediment transport and 
sediment organic carbon fate and transport.  
So far, the NARCCAP climate change results indicate an increase in the average 
annual maximum daily temperature by about 1.3 oC for the period 2046 to 2050 a s 
compared to the period 2006 to 2010, and NARCCAP predicts an increase in the annual 
precipitation by about 10%. For the South Elkhorn Watershed, SWAT suggests a 
significant stream flow impact due to the global climate change includes an increase in 
the average annual stream flow by as much as 50%, which is attributed to the fact that the 
climate projections predict that the wettest days will be even wetter.  The extremity of the 
hydrologic events predicted by SWAT transport much of the rainfall as runoff 
immediately and increase the average streamflow.  We currently are further investigating 
the distribution of rainfall and streamflow throughout the simulation period as well as 
comparing the NARCCAP model results with other projections.  In addition, 
consideration of the impact of climate changes on sediment and sediment carbon is 
currently under development. 
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MACROTURBULENCE IN UNIFORM AND NONUNIFORM HYDRAULICALLY 
ROUGH OPEN CHANNEL FLOW 
 
Amirreza Ghasemi 
Graduate Assistant 
Department of Civil Engineering 
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Associate Professor 
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Macroturbulence is defined as large scale turbulence within open channels and 
comprises the entire flow depth and has implication for sediment or contaminant 
transport process as well as implications for restoring streams in order to support aquatic 
life. This research experimentally investigates the form and function of macroturbulence 
in uniform and nonuniform hydraulically rough open channel flows in order that new 
flow phenomena can be used to guide the mentioned applications. Our specific goal is to 
estimate the proportion of velocity fluctuations, shear stresses and turbulent energy that is 
due to the macroturbulence, which could be compared with proportion of these quantities 
associated with smaller scale turbulence production derived from shedding processes off 
the bed.   
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We hypothesize that the relative turbulent kinetic energy associated with the 
macroturbulence will increase as the relative submergence increases since shedding 
processes do not extend as far into the flow field.  In order to test this hypothesis and 
elucidate the role of macroturbulence, we choose three different roughness types that will 
allow us to vary the strength of shedding and hence potentially the proportion of 
macroturbulent energy to the total energy of the flow.  In the experimental design, flow 
depth and roughness type are being varied in order to in turn impact the aspect ratio and 
relative roughness given previous research that these hydraulic parameters disrupt 
shedding and secondary current generation believed to ultimately be organized by the 
macroturbulence of the flow.  Here, we present three component flow velocity acquired 
by both an Acoustic Doppler Velocimeter (ADV) and a Vectrino Profiler. These two 
instruments operate by the principal of Doppler shift.  The ADV measures the velocity 
components in three dimensions at a certain point in the flow while the Vectrino Profiler 
provides profiling velocity measurements with 1 mm vertical resolution over a range of 3 
cm. We present traditional time average metrics of the flow; but more descriptive 
instantaneous turbulence methods are also used to see the imprint of macroturbulence on 
the velocity signal and test the above hypothesis.   
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OVERVIEW OF THE COLLAPSE SINKHOLE OCCURRENCE AT THE NATIONAL 
CORVETTE MUSEUM, BOWLING GREEN, KENTUCKY 
Charles J. Taylor 
Kentucky Geological Survey 
University of Kentucky 
charles.taylor@uky.edu 
 
Jason Polk 
Hoffman Environmental Research Institute 
Western Kentucky University 
 
The large sinkhole that collapsed the floor of the Sky Dome exhibit hall at the National 
Corvette Museum, Bowling Green, Kentucky, resulting in severe damage to the building 
and the loss of several vintage cars, captured the attention of national and international 
media and the general public during much of 2014. The museum is located on a n 
extensive karst plain developed on Mississippian-age limestones. The karst in this area is 
characterized by an abundance of large and well-developed sinkholes, sinking streams, 
caves, and springs. Sinkholes are the most numerous and widespread of karst features in 
Kentucky. However the sudden and unanticipated occurrence of a large and damaging 
sinkhole such as this is a relatively rare event in the state. In the aftermath of the collapse, 
geologists at the Kentucky Geological Survey and Western Kentucky University began 
working in collaboration to investigate the geological factors that likely contributed to the 
sinkhole’s development. A previously unknown cave passage was discovered beneath the 
Sky Dome. The cave is a remnant of a previously larger conduit drainage system that 
may have formed as a result of karst piracy of a former surface stream. An overview of 
the relation between the sinkhole, the underlying cave, and the surrounding karst plain is 
presented in this poster.   
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E. coli  TMDL DEVELOPMENT FOR THE DEEP RIVER SYSTEM  
IN NORTHWEST INDIANA 
 
Chandramouli, C. V.1, Conrad, D.1, Zakrzewski, R.1, Exl, J.2 
1 Mechanical Engineering Department 
Purdue University, Calumet, Hammond, IN 46323 
cviswana@purduecal.edu 
 
2 Northwest Indiana Regional Planning Commission, Portage, IN 46368 
 
 
Introduction 
The Deep River system in northwest Indiana was listed by a recent USEPA 303(d) 
document as an impaired stream in different reaches for a v ariety water quality 
constituents. This river system drains 180 square miles of northwest Indiana to Lake 
Michigan. The watershed includes the communities of Crown Point, Hobart, Merrillville 
and Gary. A Total Maximum Daily Load (TMDL) report was prepared by the Indiana 
Department of Environmental Management (IDEM). 
http://www.in.gov/idem/nps/files/tmdl_deep_river_report.pdf).  
 
Water quality observations were made in the watershed during 2013 for preparation of 
the TMDL document. TMDLs were subsequently developed for E. coli, phosphorus, 
dissolved oxygen, and impaired biotic communities. A load curve based approach was 
adopted in this study for TMDL development. 
 
HSPF Model development 
With IDEM support, the Northwest Indiana Regional Planning Commission (NIRPC) is 
developing a watershed management plan for the Deep River System. A rainfall runoff 
simulation based HSPF (Hydrology Simulation Program Fortran) was used to create flow 
and water quality simulations for the plan. The HSPF model is public domain software 
developed by the USEPA for calculating TMDLs. The HSPF model is very well 
integrated with BASINS software with which geospatial data can be consolidated and 
used. Using the HSPF model, loads emerging from different sub-watersheds were 
calculated and the estimates then compared with the loads derived with the load curve 
method used in this study. The Deep River USGS gauging station at Hobart was used for 
flow calibration. Water quality observations from 15 stations (observed by IDEM during 
2013) were used for water quality calibration. Using flow simulations and water quality 
simulations from the HSPF model, loads were estimated in this study. 
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FERTILIZER CONTAMINATION OF WATER 
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Soil test nutrient concentrations vary with depth.  Therefore, sampling depth needs to be 
considered in routine soil sampling for the purpose of making fertilizer recommendations. 
An incorrect sampling depth can lead to an exaggerated application of fertilizer. The 
excessive use of unnecessary fertilizers can lead to contamination of water. Information 
about how soil sampling depth affects nutrient recommendation is limited in Kentucky.  
The objective of this study was to determine the relationship between soil sampling depth 
and the nutrient values of soil test analyses. Samples were collected from a 0-5 cm depth, 
0-10 cm depth, 0-15 cm depth, and 0-20 cm depth. Each field was grid sampled using a 
0.25 acre grid. Phosphorus (P) and Potassium (K) levels were determined using the 
Mehlich III method. The cation exchange capacity was measured using the ammonium 
extraction method. The results of the soil test analyses were used to determine the amount 
of P and K fertilizers that should be applied to each field in order to provide the needed 
nutrients for a soybean crop with a yield of 40 bushels per acre. The soil test analysis 
results were integrated into multiple fertilizer recommendation equations to analyze the 
significance of the results. Nutrient recommendations were made for each sampling 
depth. The data were used to calculate means, standard deviations, coefficients of 
variation, and standard errors of the soil test and fertilizer recommendation results. The 
significance of the difference in sampling depth will be discussed in the poster 
presentation. 
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ASSESSING SOIL PHYSICAL PROPERTIES AS AFFECTED BY TILLAGE 
SYSTEMS IN BOND COUNTY, ILLINOIS 
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Tillage practices profoundly influence soil physical properties, which eventually affect 
plant growth.  Therefore, it is important to investigate a tillage system that sustains soil 
physical properties required for the ideal environment for plant growth.  The objectives of 
this study were (1) to evaluate the impact of conventional tillage and a tillage rotation on 
soil properties including soil organic matter (SOM), bulk density (BD), compaction, and 
porosity and (2) to determine if these properties are differently affected by tillage 
practices in the northern, central, and western portions of Bond County, Illinois.  Soil 
samples were collected from the depth of 0 to 7.5 cm and 7.5 to 15 cm from three areas 
and three different sites in Bond County, Illinois.  The samples were analyzed for SOM, 
BD, soil penetration, and porosity.  All the data were analyzed using one way ANOVA 
and least significant difference test at α 5%.  The results show that all of the properties 
were significantly affected by tillage practices, but the magnitude of differences varied 
among the soil properties.  The highest SOM content was observed in the woodland areas 
for the northern site (1.18% at the 0 – 7.5 cm depth and 1.14% at the 7.5 – 15 cm depth) 
and the central site (0.90% at the 0 – 7.5 cm depth and 0.81 at the 7.5 – 15 cm depth).  
The highest bulk density was observed in the central rotational tillage area (1.38 g/cm3) 
and the western rotational tillage area (1.28 g/cm3).  H igh soil compaction was mostly 
found in the northern woodland area (47.92 psi at the depth of 7.5 – 15 cm) and in the 
western woodland area (58.34 psi at the depth of 7.5 – 15 cm).  The results indicated that 
average soil porosity at the depth of 0 – 15 cm was higher in the woodland areas (at the 
northern site 60.48%, the central site 59.80%, and the western site 60.89%) than in the 
conventional or rotational tillage areas.  In conclusion, the findings of this study can help 
farmers identify a type of tillage system that would improve the soil physical 
environment for crop growth. 
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The assessment of infiltration rates is essential to estimate surface runoff in order to 
reduce the risk of pollutant contamination and to effectively apply water and fertilizers 
for a crop’s benefit. The objectives of this study were (1) to assess the impacts of six 
agroecosystems on infiltration rates; (2) to observe the temporal variability of soil 
infiltration rates under various seasons (fall-spring-summer-fall); and (3) to quantify the 
relationships between soil infiltration rates with other properties including soil organic 
carbon (SOC), macroaggregates, and bulk density. The study was conducted in 
Calloway County of western Kentucky using six agroecosystems.  T hey were no-till 
corn, conventional tillage soybeans, conventional tillage tobacco, organically grown 
vegetables, woodland, and prairie. All of the soils used in this study have a silt loam 
texture. The infiltration rates were measured using a single ring infiltrometer. Soil 
organic carbon (SOC) was measured using the loss on i gnition (LOI) method. 
Macroaggregates and bulk density were determined using wet sieving and ring methods, 
respectively. The data were statistically analyzed using ANOVA followed by the least 
significant difference (LSD) test at α 5%. The results show that organic farming and the 
wooded system have the highest infiltration rates (35.2 cm/hr and 37.7 cm/hr) and the 
lowest bulk densities (1.0 g/cm³ and 1.1 g/cm³), respectively. The relationship between 
infiltration rate and organic carbon, bulk density, macroporosity, and total porosity was 
r²=.99, r²=.60, r²=.69, and r²=.66. The no-till corn field had a higher bulk density than 
the conventionally tilled systems (1.7 g/cm³) and lower total porosity of 80%, but had a 
higher infiltration rate than the conventionally tilled systems at approximately 12.9 
cm/hr. The organic system had a 60% lower bulk density than the no-till corn, which 
were the lowest and highest bulk densities, respectively. The most dramatic differences 
amongst infiltration rates occurred in the wooded system which increased from 36.3 
cm/hr in the fall of 2013 to 39.3 cm/hr in the summer of 2014. Amongst the averages, 
however, which range from 4.3 c m/hr to 37.7 c m/hr, the seasonal changes were not 
significant.  
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